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PREFACE 


This  document  is  a  progress  report  describing  and  discussing  recent 
tasks  associated  with  the  US  Army  Engineer  Division,  Lower  Mississippi  Val¬ 
ley  (LMVD)  study,  "Evaluation  of  Potentially  Unstable  Riverbank  Sites  Below 
Baton  Rouge,  LA,  and  Selection  of  Measures  to  Prevent  Failure."  The  work  has 
been  under  the  immediate  purview  of  Mr.  Frank  J.  Weaver,  Chief,  LMVED-G. 

This  report  was  prepared  by  Dr.  Victor  H.  Torrey  III,  Research  Group, 
Soil  Mechanics  Division  (SMD) ,  Geotechnical  Laboratory  (GL) ,  US  Army  Engineer 
Waterways  Experiment  Station  (WES).  Mr.  Bobby  Odom  of  the  Information  Prod¬ 
ucts  Division,  WES,  edited  the  report. 

Information  pertaining  to  the  New  Orleans  District  Levee  Safety  Flow 
Slide  Monitoring  System  was  provided  by  Mr.  Jay  Joseph  of  LMNED-F,  who  is  prl 
marily  creditable  for  its  capabilities. 

Mr.  Joseph  Dunbar,  Site  Characterization  Unit,  Engineering  Geology  and 
Rock  Mechanics  Division,  GL,  WES,  compiled  the  data  pertaining  to  historical 
changes  in  Mississippi  River  alignment  below  Baton  Rouge,  LA. 

This  work  was  performed  under  the  general  supervision  of  Mr.  Clifford  L 
McAnear,  Chief,  SMD,  and  Dr.  William  F.  Marcuson  III,  Chief,  GL. 

COL  Dwayne  G.  Lee,  CE,  is  Commander  and  Director  of  WES.  Dr.  Robert  W. 
Whalin  is  Technical  Director. 
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CONVERSION  FACTORS,  NON-SI  TO  SI  (METRIC) 

UNITS  OF  MEASUREMENT 

Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to 
SI  (metric)  units  as  follows: 


Multiply 

acres 

cubic  yards 
degrees  (angle) 
feet 
inches 
square  feet 


_ gy 

4,046.873 

0.7645549 

0.01745329 

0.3048 

2.54 

0.09290304 


To  Obtain 
square  metres 
cubic  metres 
radians 
metres 
centimetres 
square  metres 


> 
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RETROGRESSIVE  FAILURES  IN  SAND  DEPOSITS  OF  THE 


MISSISSIPPI  RIVER 


Report  2 

Empirical  Evidence  in  Support  of  the  Hypothesized  Failure 
Mechanism  and  Development  of  the  Levee  Safety 
Flow  Slide  Monitoring  System 


PART  I:  INTRODUCTION 


Background 


1.  This  report  represents  a  continuation  of  efforts  by  the  Lower  Mis¬ 
sissippi  Valley  Division  (LMVD) ,  US  Army  Corps  of  Engineers,  to  develop  an 
effective  plan  for  and  means  of  protecting  the  integrity  of  main  line  Missis¬ 
sippi  River  levees  from  the  threat  of  flow  slides  in  sand  deposits.  Entailed 
in  these  mission  objectives  has  been  the  necessity  of  achieving  the  following 
milestones: 

a.  It  has  been  necessary  to  develop  an  understanding  of  the  trig¬ 
gering  and  subsequent  retrogression  of  this  type  of  failure  to 
permit  a  prediction  of  its  potential  size  and,  therefore,  the 
existence  of  a  threat  to  levee  stability.  It  is  believed  that 
the  failure  mechanism  is  understood  and  is  that  of  retrogression 
in  dilatant  sand  as  previously  described  In  the  report  by 
Torrey,  Dunbar  and  Peterson  (1988).  There  is  every  evidence 
that  the  triggering  is  by  severe  scour  which  "oversteepens"  the 
underwater  slope  in  the  sands. 

b.  An  understanding  must  be  developed  of  river  attack  specifically 
in  the  "oversteepening"  of  underwater  slopes  in  sand  in  all  its 
apparent  phases  such  as  high  water  versus  low  water  and  shallow 
versus  deep.  The  work  is  essentially  at  "square  one"  in  this 
area. 

c.  Susceptible  riverbank  sites/reaches  must  be  identified.  This  is 
largely  accomplished,  but  It  is  not  enough  to  only  say  "suscep¬ 
tible."  The  question  must  not  only  be  narrowed  to  a  strictly 
site  specific  one,  but  must  also  include, the  ability  to  say 
whether  or  not  a  flow  slide  is  likely  to  occur  at  a  given  site 
and  the  potential  threat  to  the  levee  it  may  represent. 

d.  An  effective  monitoring  system  must  be  developed  which  will 
identify  site-specific  direct  threat  to  the  stability  of  the 
levee.  This  will  permit  more  rational  decisions  concerning 
defensive  measures  and  their  prioritization.  A  system  based  on 
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the  concept  of  the  failure  mechanism  has  been  instituted.  Its 
effectiveness  remains  to  be  proven. 

e.  Benign  methods  must  be  developed  to  prevent  or  retard  the  occur¬ 
rence  of  flow  failures  which  means  improved  bank  protection 
techniques  or  modifications  of  current  procedures.  By  "benign" 
methods,  it  is  meant  that  measures  intended  to  stop  flow  fail¬ 
ures  must  not  alter  river  behavior  such  that  serious  problems 
are  generated  upstream  or  downstream.  This  may  prove  to  be  the 
very  most  difficult  task  of  all.  Not  the  least  obstacle  in 
these  efforts  is  the  fact  that  turbidity/depths  of  water  and  the 
physical  nature  of  revetment  have  thus  far  thwarted  the  identi¬ 
fication  of  a  method (s)  which  can  "see"  bank  protection  over  its 
extent  clearly  and  accurately  so  that  assessments  of 
performance /behavior  can  be  made  with  confidence.  River  Engi¬ 
neering  Branch  is  proceeding  with  some  significant  efforts  in 
this  problem  domain. 

The  above  required  achievements  clearly  indicate  the  interdisciplinary  nature 
of  the  problem.  Though  slow,  expensive  and  hard  won  in  some  cases,  progress 
has  been  made  in  the  attack  on  all  the  necessary  elements  listed  above. 

2.  It  is  not  practical  to  provide  the  reader  of  this  report  a  back¬ 
ground  statement  which  would  serve  to  synopsize  all  the  progress  that  has  been 
made.  In  addition,  this  report  principally  addresses  only  geotechnical 
aspects.  The  report  by  Torrey,  Dunbar  and  Peterson  (1987)  presents  an  over¬ 
view  of  past  work. 

Purpose  and  scope 

3.  This  is  a  progress  report  documenting  several  specific  tasks  accom¬ 
plished  since  those  presented  in  Report  1  (Torrey,  Dunbar  and  Peterson  1988). 
The  following  items  are  included  in  this  report: 

a.  The  case  history  of  the  1985  flow  failure  at  the  so-called 
Celotex  site  is  given  and  discussed. 

b.  The  computer  data  base  system  for  monitoring  potential  flow 
slide  sites  which  is  currently  in  use  by  the  New  Orleans  Dis¬ 
trict  (NOD)  is  described.  The  specific  method  for  predicting 
batture  loss  is  presented  with  supporting  arguments  and  empiri¬ 
cal  data  including  that  of  the  Celotex  failure. 

c.  A  discussion  of  river  attack  and  its  implications  based  on  move¬ 
ment  of  the  river  channel  over  the  last  90  years  is  presented. 
Some  statistical  data  summaries  of  changes  in  the  river's  char¬ 
acteristics  over  the  period  of  record  are  also  given. 

d.  Recommendations  are  made  for  future  directions  of  the  work. 


PART  II:  CASE  HISTORY  OF  THE  CELOTEX  BATTURE  AND  LEVEE  FAILURE  OF 

30  JULY  1985 


Background 

4.  It  is  not  the  purpose  of  this  case  history  presentation  to  duplicate 
the  considerable  work  of  the  NOD  contained  in  its  internal  report,  "Missis¬ 
sippi  River  Levees,  Item  M-100.4-R,  Celotex  Levee  and  Batture  Restoration, 
Final  Report,"  May  1987.*  That  reference  is  cited  here  as  the  source  of  sev¬ 
eral  figures  and  event  facts  given  in  the  following  discussions  without  a 
repetitive  identification  of  the  source.  The  specific  purpose  of  this  part  is 
to  document  the  failure  in  this  more  formal  report  and  address  the  failure  in 
the  context  of  the  general  flow  slide  problem. 

Failure 


5.  Around  2  a.m.  on  the  morning  of  30  July  1985,  a  tugboat  operator 
reported  to  NOD  Operations  Division  his  observation  of  a  riverbank  failure  at 
mile  100.4  above  head  of  passes  (AHP)  on  the  west  bank  (right  descending)  of 
the  Mississippi  River  in  the  Jefferson  Levee  District,  approximately  0.5  mile 
south  of  Westwego,  LA,  and  within  the  Greenville  Bend  revetment  reach.  The 
failure  progressed  landward  and  involved  the  levee  crown  by  6  a.m.  Figure  1 
is  a  vicinity  map  showing  the  failure  area.  Figure  2  shows  the  specific  loca¬ 
tion  of  the  failure.  In  Figure  2,  it  is  seen  that  landward  of  the  levee  near 
the  failure  is  the  industrial  complex  of  the  Celotex  Corp.  Consequently,  the 
failure  is  referred  to  by  that  name.  An  aerial  photograph  also  showing  the 
failure  location  is  given  in  Figure  3. 

6.  By  mid-morning  of  30  July,  the  NOD  had  mobilized  for  emergency 
treatment  of  the  problem.  Fathometer  surveys  of  the  failure  were  initiated, 
and  soil  boring  crews  were  called  in  to  investigate  a  levee  setback  alignment. 
It  was  low  water  season,  and  the  levee  had  not  been  actually  breached.  It  was 
also  hurricane  season  which  presented  a  potential  fc.r  elevated  river  levels 
and  wave  wash  should  a  storm  develop  and  come  up  the  river  from  the  Gulf  of 
Mexico. 


*  Unpublished  report. 
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NOTE:  Figure  taken  from  Mississippi  River, 
Hydrographic  Survey  1973-1975.  Levee 
stationing  is  not  current. 
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Figure  2.  Location  map,  Celotex  batture  and  levee  failure 
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Figure  3.  Aerial  photo  showing  location  of  the  Celotex  failure 


7.  On  31  July  the  Hr-flling  crews  went  to  work  in  the  setback  area  and 
immediately  encountered  a  hard  material  at  a  depth  of  only  3  ft  below  the  sur¬ 
face.  The  material  was  determined  to  be  asbestos  with  a  thickness  of  about 
3.5  ft.  Drilling  was  halted  until  the  crew  members  could  be  provided  with 
proper  protective  wear  against  the  hazards  of  the  asbestos.  Drilling  pro¬ 
ceeded  along  a  line  within  the  failure  area  to  determine  if  any  overburden 
material  remained  within  the  scar. 

8.  The  setback  alignment  drilling  revealed  that  the  asbestos  repre¬ 
sented  an  old  industrial  waste  pit.  The  several  negative  ramifications  of  a 
hazardous  waste  dump  along  the  setback  alignment  caused  LMVD  to  instruct  NOD 
to  investigate  alternative  repair  designs  for  restoring  the  batture  and 
rebuilding  the  levee  to  avoid  a  setback.  By  23  August,  the  alternatives  for 
restoration  had  been  assessed,  the  decision  to  restore  the  batture  and  levee 
in  place  and  how  to  do  it  had  been  made,  plans  and  specifications  had  been 
prepared  and  approved,  and  the  contract  had  been  advertised.  The  contract  was 
awarded  on  30  August  and  the  work  completed  on  28  November  1985. 

9.  The  innovative  and  cost-saving  restoration  technique  is  best 
described  by  the  following  construction  sequence.  A  typical  section  is  shown 
in  Figure  4. 

a.  The  failed  batture  was  rebuilt  with  shell  to  el  3.0  ft.* 
Approximately  272,000  cu  yds  of  shell  was  placed  in  60  to  70  ft 
of  water. 

b.  The  remaining  portion  of  the  failed  levee  was  reshaped  to 
receive  a  new  fill. 

c.  Filter  cloth  was  placed  as  a  separator  between  new  levee  berm 
fill  and  the  shell  backfill.  Prior  to  placement  of  the  filter 
cloth,  the  shell  batture  was  raised  to  el  5.0  in  the  area  of  the 
new  levee  fill  to  avoid  a  rising  river  stage. 

d.  Construction  of  the  new  levee  berm  to  el  7.5  with  semicompacted 
fill  proceeded  to  keep  the  work  above  the  rising  river. 

e.  The  shell  batture/bank  was  armored  with  a  5-ft-thick  layer  of 
riprap  stone,  and  the  new  levee  and  buttress  berm  were 
completed. 

£.  The  slope  of  the  buttress  berm  was  armored  with  an  18-in. -thick 
layer  of  stone. 

g.  The  riverside  levee  slope  was  protected  by  placing  sand-cement 
filled  bags. 


*  All  elevations  (el)  cited  herein  are  in  feet  referred  to  the  National 
Geodetic  Vertical  Datum  (NGVD) . 
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Figure  4 


Batture  and  levee  res 


h.  The  armored  shell  riverbank  was  revetted  with  articulated 
concrete  mattress  (not  shown  In  Figure  4) . 

10.  The  author  employed  the  Fathometer  surveys  and  the  boring  Informa¬ 
tion  within  the  failure  area  to  produce  the  contour  map  shown  in  Figure  5. 
Sections  are  plotted  in  Figure  6.  Three-dimensional  microcomputer  images  of 
the  failure  are  given  in  Figures  7  and  8.  The  plan  and  sections  of  the  fail¬ 
ure  reveal  the  bottleneck  plan  view  and  relatively  flat  bottom  slopes  typical 
of  a  flow  slide.  The  line  of  borings  taken  between  Greenville  Bend  revetment 
ranges  U-18  and  U-19  for  the  purposes  of  determining  if  overburden  remained  in 
the  scar  proved  to  be  a  fortuitous  accident  with  respect  to  their  position  in 
revealing  some  important  aspects  of  the  failure's  appearance  as  well  as  sug¬ 
gesting  a  sequence  of  events  to  be  addressed  later.  This  circumstance  empha¬ 
sizes  the  need  that  surveys  of  future  flow  slides  be  done  in  greater  detail  so 
that  quality  contour  views  can  be  constructed.  Survey  range  lines  should 
never  be  more  than  100  ft  apart  and  should  extend  to  the  thalweg.  Portions  of 
failures  above  water  should  also  be  surveyed  after  the  fashion  necessitated  by 
the  repair  method  for  Celotex.  The  surveys  should  be  initiated  as  close  to 
the  failure  event  as  practicable  even  if  the  failure  is  only  to  be  graded  and 
revetted  or  even  if  the  failure  is  in  unrevetted  bank.  Such  quality  physical 
pictures  of  flow  failures  are  now  especially  important  data  to  help  eliminate 
any  doubts  about  predictions  of  potential  batture  loss  included  in  the  flow 
slide  bank  monitoring  system  to  be  discussed  in  the  next  part  of  this  report. 
Simple  microcomputer  software  is  available  to  draw  contour  maps  and  three- 
dimensional  views  which  can  be  rotated  and  sectioned  at  will. 

Discussion  of  Failure 


11.  The  Celotex  failure  adds  a  new  dimension  to  the  problem  of  flow 
slides  below  Baton  Rouge  for  the  simple  reason  that  it  occurred  during  the  low 
water  period  of  the  year.  In  the  past,  flow  slides  have  been  associated  with 
high  water,  point  bar  deposits,  and  a  position  on  the  upstream  end  of  the 
inside  of  a  bendway.  The  reasons  for  the  occurrence  of  Celotex  during  low 
water  are  not  known.  Is  something  going  on  in  scour  pools  during  low  water 
that  is  not  perceived?  Celotex  is  not  the  only  low  water  flow  failure  of 
which  the  author  is  aware.  During  the  summer  of  1980,  a  flow  slide  developed 
at  the  downstream  end  of  the  Montz  revetment  (left  descending  bank,  at 
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Figure  5.  Contour  map  of  the  Celotex  batture  and  levee  failure 
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Figure  6.  Cross  sections  of  the  Celotex  failure 
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approximately  mile  129.9  AHP) .  However,  it  has  long  been  known  that  severe 
scour  conditions  are  produced  directly  at  the  downstream  end  of  revetment  mat¬ 
tresses.  In  fact,  this  knowledge  has  lead  to  careful  consideration  of  the 
downstream  extent  of  placement  of  revetment  mattresses  below  Baton  Rouge  to 
ensure  that  such  scour  does  not  trigger  a  flow  slide  which  might  threaten  the 
levee.  The  Celotex  failure  was  clearly  not  of  this  nature  in  that  it  was 
located  within  a  revetted  reach,  not  at  the  end  of  the  reach.  The  bank  reach 
exhibits  the  particularly  dangerous  soil  stratigraphy  of  thin  overburden  over 
a  thick  deposit  of  fine  sands  and  silty  sands.  The  soil  profile  is  given  in 
Figure  9.  From  Figure  9  it  can  be  seen  that  the  failure  occurred  in  an  aban¬ 
doned  channel  deposit.  This  deposit,  as  well  as  the  point  bar  deposits  on 
either  side,  were  previously  classified  as  susceptible  to  flow  failures. 

12.  The  stage  hydrograph  for  the  Mississippi  River  based  on  the 
Carrollton  gage  (about  2.5  miles  upstream  of  the  failure  location)  is  shown  in 
Figure  10.  On  the  day  of  the  failure  (30  July),  the  river  had  reached  its 
lowest  stage  of  the  period  at  about  el  2.0.  The  construction  sequence  for  the 
batture  and  levee  restoration  given  previously  in  paragraph  9  states  that  the 
river  was  on  the  rise  during  repair  operations.  The  river  had  been  on  the 
fall  prior  to  the  failure  since  about  21  June  at  an  average  rate  of  only  about 
0.1  ft  per  day.  Years  ago,  in  the  LMVD  Potamology  Investigations  studies, 
seepage  gradients  in  sands  and  silty  sands  resulting  from  such  rates  of  fall¬ 
ing  stage  were  dismissed  as  playing  a  role  in  the  general  case  of  instability 
of  Mississippi  Riverbanks  (Clough  1966)  as  well  as  in  triggering  of  flow  fail¬ 
ure  (US  Army  Engineer  Waterways  Experiment  Station  (USAEWES)  1950). 

13.  At  the  time  of  failure,  the  most  recent  hydrographic  surveys  of  the 
riverbank  reach  including  the  Celotex  failure  site  were  those  sections  run 
during  June  1984.  The  bank  section  seen  at  that  time  for  revetment  range  U-19 
is  shown  in  Figure  6.  Evident  from  that  section  is  the  presence  of  a  signifi¬ 
cant  scour  trench  at  the  toe  of  the  bank  slope.  The  other  sections  taken 
during  that  same  survey  indicate  that  the  trench  ended  less  than  200  ft  down¬ 
stream  before  reaching  revetment  range  U-18.  It  is  possible  to  track  the 
trench  upstream  in  the  1984  survey  into  the  "permanent,"  deep  scour  pool  situ¬ 
ated  in  the  Greenville  Bend.  It  is  conjecture  that  the  scour  trench  existed 
at  revetment  range  U-19  on  the  day  of  failure.  However,  on  the  strength  of 
all  the  evidence  to  date  regarding  the  triggering  of  flow  failures,  it  is 
believed  that  the  trench  was  present,  and  that  severe  scour  produced  an 
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Figure  10.  1985  Mississippi  River  stage  through  the  period  of  the 

Celotex  failure 


"oversteepened"  slope  in  the  sands  and  instigated  the  failure.  After  failure, 
evidence  of  the  trench  is  not  seen  until  a  point  about  700  ft  upstream  of 
range  U-19,  i.e.,  at  revetment  range  U-24.  Taking  extremely  rough  1984  dimen¬ 
sions  of  the  trench  cross  section  below  el  -80  over  that  700  ft  yields  a 
volume  of  about  150,000  cu  yds.  Since  the  failure  volume  approached 
300,000  cu  yds,  it  is  feasible  that  failure  debris  had  such  mass  and  momentum 
that  it  filled  the  trench  in  the  upstream  direction  against  the  low  flow  cur¬ 
rent  of  the  river.  Additional  evidence  that  the  failure  was  initiated  about 
revetment  range  U-19  is  shown  in  Figure  5  wherein  the  typical  narrow  riverward 
neck  is  directed  at  that  range.  The  orientation  of  the  failure  in  that  plan 
view  also  clearly  implies  an  outflow  of  debris  in  a  slightly  upstream  direc¬ 
tion.  On  10  November  1985,  immediately  before  completion  of  repair  of  the 
batture  and  levee,  a  side-scanning  sonar  survey  was  run  "looking"  at  the  sub¬ 
aqueous  portion  of  a  reach  of  the  riverbank  and  riverbed  including  the  failure 
site.  The  lower  portion  of  the  survey  image  of  Figure  11  is  a  plan  view  of 
the  bank  and  river  bottom  beneath  and  to  either  side  of  the  moving  survey  ves¬ 
sel.  The  image  also  indicates  the  upstream  outflow  of  failure  debris.  The 
upper  portion  of  Figure  11  was  produced  simultaneously  with  the  side-scan 
image  and  is  a  continuous  sonar  depth  sounding  directly  beneath  the  vessel 
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track  including  sub-bottom  reflections.  The  survey  also  revealed  two  sunken 
barges  lying  on  the  slope  of  the  bank  on  either  side  of  the  failure  neck  loca¬ 
tion.  There  is  no  way  to  know  if  those  objects  played  a  role  in  the  failure. 
There  is  no  knowledge  as  to  how  long  they  have  been  there. 

14.  The  only  eye  witness  to  the  failure  was  the  tugboat  operator  who 
alerted  the  NOD  Operations  Division.  The  only  comment  the  author  has  heard  as 
to  what  he  described  was  that  the  bank  went  in  all  at  once.  Considering  that 
it  was  during  darkness,  it  is  possible  that  his  attention  (and  lights  of  Ms 
boat)  was  not  directed  to  the  bank  until  significant  mass  moved,  and  sound  and 
water  disturbance  alerted  him.  He  apparently  did  not  remain  to  observe 
closely  for  a  long  period  of  time.  His  account  leaves  little  to  go  on.  It  is 
known,  as  stated  previously,  that  batture  loss  continued  up  to  around  6  a.m. 

15.  In  studying  the  plan  and  sections  of  Figures  5  and  6,  respectively, 
the  author  conjectures  as  to  a  possible  sequence  of  events.  From  the  plan 
view  of  Figure  5,  the  failure  has  the  appearance  of  dual  lobes  with  a  main 
body  of  the  more  symmetrical  nature  of  a  flow  slide  and  a  lobe  in  the  land¬ 
ward,  upstream  portion  (upper  right  portion  of  the  plan  view)  which  represents 
the  involvement  of  the  levee  section  and  has  the  U-shape  of  a  typical  shear 
failure.  A  line  of  borings  was  logically  taken  straight  out  riverward  from 
the  center  of  the  levee  slide  between  revetment  ranges  U-18  and  U-19  to  inves¬ 
tigate  the  presence  of  overburden  material  remaining  in  the  failure  scar. 

Those  borings  coupled  with  the  Fathometer  surveys  of  ranges  U-18  and  U-19 
indicate  that  a  narrow  trench  considerably  deeper  than  the  remainder  of  the 
failure  existed  along  the  line  of  borings.  It  would  appear  likely  that  the 
overburden  material  encountered  lay  only  in  that  trench  as  indicated  in  the 
section  of  Figure  6.  The  other  evidence  of  probable  overburden  remaining  in 
the  scar  is  the  mound  shown  in  Figures  5  and  6  between  revetment  ranges  U-17 
and  U-18  which  may  have  been  a  top  stratum  chunk  which  broke  away  but  was  not 
carried  out  into  the  river.  From  the  section  of  Figure  6  for  range  U-17,  it 
is  shown  that  the  "depression"  to  the  riverward  side  of  the  chunk  is  in  con¬ 
formance  with  the  general  "bowl"  elevation  of  the  failure.  The  computer 
images  of  Figures  7  and  8  make  this  more  evident.  It  is  feasible  that,  at 
some  time  during  the  progress  of  the  main  failure,  scour  conditions  also  trig¬ 
gered  a  deeper  additional  outflowing  which  may  be  evidenced  by  the  trench 
between  ranges  U-18  and  U-19.  That  secondary  flow  may  have  produced  instabil¬ 
ity  in  the  top  stratum  and  levee  resulting  in  a  shear  failure  and  the  movement 


24 


of  debris  into  the  trench  where  it  was  found  by  the  borings.  Given  the  lim¬ 
ited  survey  data  available  to  construct  the  contour  picture,  it  appears  that 
the  mass  shear  slide  possibly  corresponding  to  the  secondary  lobe  of  the 
failure  which  involved  the  levee  was  at  the  overburden/sand  contact  near 
el  10.  Other  observations  from  the  Celotex  failure  will  be  discussed  in  sup¬ 
port  of  the  levee  safety  flow  slide  monitoring  system  in  the  next  part  of  this 
report. 


Ramifications  of  the  Celotex  Failure 


16.  The  history  of  the  bank  line  along  Greenville  Bend  revetment  reach 
is  shown  in  Figure  12  (file  map,  New  Orleans  District).  The  bank  line  in  1949 
was  determined  from  aerial  photos.  Earlier  bank  lines  were  established  by 
ground  surveys.  The  most  apparent  observation  is  that  a  major  bank  failure 
area  existed  in  1896  precisely  at  the  Celotex  location.  In  addition,  looking 
downstream,  other  scallops  are  seen  in  the  bank  line  over  the  years.  In  1901, 
1909,  and  1922,  setbacks  were  constructed  in  front  of  Amesville,  LA,  and  the 
old  General  Alcohol  Co.  indicating  the  severity  of  bank  losses  during  those 
times.  A  major  failure  highly  likely  to  have  been  a  flow  slide  because  of  the 
proportions  of  the  batture  loss  is  indicated  in  the  1900  bank  line  in  front  of 
the  alcohol  company  complex.  The  1973-1975  Mississippi  River  hydrographic 
survey  shows  a  scour  pool  at  this  location.  There  is  reason  to  believe  that 
the  bank  loss  patterns  indicated  by  the  old  bank  line  data  can  be  expected  in 
the  future  all  along  the  abandoned  channel/point  bar  reach.  The  aerial  photo¬ 
graphs  given  as  Figure  3  were  taken  in  1977  during  an  extremely  low  water 
period.  Although  small  and  difficult  to  see  in  the  photographs,  a  scallop  did 
exist  at  the  Celotex  failure  location  at  that  time.  Other  larger  scallops  are 
evident  in  Figure  3  in  the  downstream  direction  in  various  places  in  the  point 
bar  deposit.  Of  particular  concern  to  the  author  is  the  very  sharply  defined 
scallop  seen  in  the  photograph  just  in  front  of  the  down  stream  end  of  the 
long,  narrow  complex  of  the  Johns-Manville  Co.  (upper  center  of  photo).  The 
location  corresponds  to  revetment  ranges  D-2  to  D-3.  Given  the  much  smaller 
scallop  preexistent  at  the  Celotex  site,  this  larger  scallop  demands  special 
attention  since  the  overburden  is  very  thin,  and  no  more  batture  than  at 
Celotex  protects  the  levee. 


25 


CELOTEX  FAILURE 

31  JULY  1985 


z _ 


'y 


17.  The  historical  migration  of  the  Greenville  Bend  "permanent"scour 
pool  is  evident  in  Figure  13  where  it  is  shown  that  the  pool  has  been  growing 
in  length  both  upstream  and  downstream  and  moving  in  a  southeasterly  direc¬ 
tion.  The  1973-1975  hydrographic  survey  placed  the  downstream  end  of  the  pool 
based  on  el  -100  at  revetment  range  U-24.  The  previous  discussion  suggested 
that  the  pool  in  1984  extended  downstream  close  to  range  U-18  an  additional 
800  ft.  The  pool  migration  portends  increasing  attack  along  the  Greenville 
revetment  reach  in  the  downstream  direction.  Particular  watchfulness  appears 
to  be  warranted  from  revetment  range  U-30  to  D-15. 
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- 1961  SURVEY 
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NOTE:  Scour  pool  dimensions  based  on  -100  contour. 


Figure  13.  Historic  trend  in  movement  of  permanent  scour  pool 
Greenville  Bend,  Mississippi  River 


PART  III:  THE  FLOW  SLIDE  LEVEE  SAFETY  MONITORING  SYSTEM 


Background 

18.  Among  the  accomplishments  described  in  the  last  report  to  LMVD 
(Torrey,  Dunbar,  and  Peterson  1986)  was  a  theoretical  analysis  by 

Dr.  Christopher  Padfield  of  the  retrogressive  mechanism  in  dilatant  (dense) 
sands.  Out  of  the  numerical  treatment  emerged  the  concept  of  the  runout  angle 
which  defines  the  final  geometry  of  a  flow  slide  assuming  no  excess  removal  of 
soil  by  scour.  Figure  14  illustrates  the  retrogression  mechanism.  Two  most 
important  questions  relative  to  the  runout  angle  concept  are: 

a.  Is  there  empirical  evidence  that  the  concept  is  valid? 

b.  If  there  is  positive  evidence,  can  the  runout  angle  be  esti¬ 
mated  as  a  single  average  value,  or  is  it  a  significantly  wide- 
ranging  variable  for  flow  slides  below  Baton  Rouge? 

Empirical  Evidence  of  a  Runout  Angle 

19.  For  several  years  the  author  was  involved  in  the  Potamology  Inves¬ 
tigation  entitled,  "Verification  of  Empirical  Method  for  Determining  Riverbank 
Stability,"  which  consisted  of  studying  the  average  of  25  or  so  flow  slides 
observed  annually  in  revetted  banks  of  the  river  primarily  between  Memphis, 

TN,  and  Natchez,  MS.  The  objective  of  these  studies  was  to  verify  criteria 
for  determining  susceptibility  or  stability  of  a  site  with  respect  to  flow 
failure.  The  reader  is  referred  to  Gann  (1981)  for  the  last  report  of  a  long 
series  (17  reports  dating  from  1956)  which  describes  the  criteria.  The  deci¬ 
sion  was  made  after  that  report  was  published  that  the  criteria  had  been  vali¬ 
dated,  and  there  was  no  need  to  continue  expending  effort  and  funds  in  that 
direction.  Out  of  all  those  studies  and  other  earlier  studies,  it  was  seen 
that  flow  failures  tended  to  exhibit  trends  in  their  geometry.  Indeed,  as  is 
shown  in  Figure  15  taken  from  Potamology  Investigations  Report  12-5  (Hvorslev 
1956),  there  were  attempts  to  establish  those  trends.  What  is  not  evident 
from  Figure  15  is  that  there  also  was  a  strong  trend  between  depth  of  the 
Zone  A/Zone  B  interface  and  depth  of  failure  since  so  many,  but  not  all,  fail¬ 
ures  appeared  to  have  been  initiated  near  the  Zone  A/Zone  B  interface.  Evi¬ 
dence  of  this  is  given  in  Figure  16  also  taken  from  Potamology  Investigations 
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a.  Ratio  of  depth  of  failure  to  depth  of  boundary 
between  Zone  A  and  Zone  B  sands 


MAXIMUM  DEPTH  IN  BOWL  OF  FAILURE  (FT) 


b.  Depth  of  failure  and  depth  of  Zones  A  and  B 
boundary  for  individual  failures 


Figure  16.  Depth  of  failure  versus  depth  to  Zones  A 
and  B  boundary  (from  Potamology  Investigations 

Report  12-5) 
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Report  12-5.  Where  Figure  16  shows  that  some  failures  extended  into  Zone  B 
sands,  two  directions  of  reasoning  arise: 

a.  Scour  conditions  within  the  failures  removed  the  additional 
sand  below  the  Zone  A/Zone  B  interface. 

b.  The  retrogressive  mechanism  also  occurs  in  Zone  B  sands. 

It  is  obvious  that  severe  scour  conditions  which  initiated  the  failure  might 
continue  at  work  and  would  affect  the  ultimate  volume  of  material  lost.  Large 
eddies  with  significant  circulation  velocities  have  been  observed  within  fail¬ 
ure  areas  (by  others  in  the  past  and  by  the  author)  as  would  be  expected  as  a 
natural  hydraulic  result  of  a  localized  scallop-shaped  bank  loss.  It  may  be 
that  the  typical  "bowl"  of  a  flow  failure  is  reflective  of  that  eddy  sweeping 
action.  With  respect  to  retrogression  in  Zone  B  sands,  Padfield's  (1978)  ori¬ 
ginal  theoretical  treatment  (also  presented  in  Report  1  by  Torrey,  Dunbar,  and 
Peterson  1988)  does  not  exclude  the  possibility  that  Zone  B  gradations  can 
exhibit  sustained  retrogression.  Permeability  directly  affects  the  rate  of 
retrogression,  and  grain-size  distribution  affects  the  theoretical  value  of 
the  runout  angle.  Very  permeable  and  coarse  material  would  theoretically 
yield  such  a  large  runout  angle  so  that  retrogression  would  not  "eat"  very  far 
into  the  bank.  The  current  studies  of  the  retrogression  mechanism  will 
address  these  parameter  effects  among  several  others.  For  all  that  is  known 
at  this  time,  these  studies  may  eventually  explain  the  empirical  gradation 
criteria.  The  very  establishment  of  the  original  Zone  A  versus  Zone  B  grada¬ 
tion  ranges  and  the  subsequent  modification  of  those  ranges  were  judgments 
based  on  predominant  (not  exclusive)  observations  as  to  what  gradations  seemed 
to  be  involved  in  flow  failures.  There  may  have  been  factors  other  than  grad¬ 
ation  at  work  such  as  trends  in  depth  of  river  attack  which  exerted  a  major 
influence  on  the  designation  of  Zone  A  versus  Zone  B  rather  than  the  actual 
flow  slide  mechanism.  However,  there  is  evidence  that  the  geometry  of  flow 
slides  with  respect  to  depth  and  length  exhibits  trends.  In  addition,  the 
thickness  of  Zone  A  sand  plotted  in  Figure  15  can  also  be  roughly  taken  on  the 
basis  of  Figure  16  to  correspond  to  the  thickness  of  sand  involved  in  failure. 
There  appears  to  be  reason  to  pursue  the  concept  of  runout  angle. 

20.  Now  the  quandary  arises  as  to  whether  or  not  the  runout  angle 
varies  significantly  over  the  range  in  gradation  of  Zone  A  sands.  It  is 
acceptable  to  disregard  the  question  as  to  whether  or  net  Zone  B  sands  can  be 
involved  in  the  retrogression  for  the  reach  of  river  below  Baton  Rouge  because 
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Zone  A  sands  are  typically  so  thick  that  observed  flood  period  failures  have 
not  involved  Zone  B.  For  the  Marchand  type  failure  involving  deep  sands,  the 
issue  is  not  that  clear  cut  because  the  time  has  not  yet  been  found  to  syste¬ 
matically  classify  those  sands.  This  is  yet  to  be  done.  With  respect  to  the 
variability  of  the  runout  angle  over  the  range  in  Zone  A  gradations,  the  cur¬ 
rent  state  of  the  art  relative  to  parametric  effects  on  the  theoretical  fail¬ 
ure  mechanism  is  limiting  along  with  the  fact  that  the  empirical  data  base 
will  have  to  be  expanded  to  arrive  at  confident  conclusions.  This  is  why  it 
is  important  that  all  future  flow  slides  below  Baton  Rouge  be  carefully  sur¬ 
veyed  and  preexisting  scour  conditions  be  known  for  each.  If  it  is  not  possi¬ 
ble  to  identify  a  consistent  value  of  the  runout  angle,  at  least  for  bank 
reaches,  the  usefulness  of  the  concept  in  predicting  potential  dimensions  of  a 
flow  failure  becomes  questionable.  However,  in  the  paragraph  to  follow,  it  is 
shown  to  be  possible  to  address  the  issue  empirically  and,  fortunately,  to 
make  a  substantial  preliminary  judgment. 

21.  The  data  of  Figure  15  are  plotted  with  data  from  the  1973  flow 
slides  below  Baton  Rouge  and  the  Celotex  data  in  Figure  17.  The  parameters 
plotted  in  Figure  17  are  explained  in  the  inset  on  the  figure.  In  keeping 
with  the  mechanism  of  failure  illustrated  in  Figure  14,  the  beta  angle,  B  , 
of  Figure  17  is  the  approximate  average  slope  of  the  resedimented  material 
after  failure.  Note  that  in  order  for  this  to  be  true,  the  failure  slope  in 
the  overburden  must  be  relatively  vertical  as  has  been  observed  to  be  gener¬ 
ally  the  case.  If  no  major  scour  develops  within  the  failure  which  removes 
material  in  excess  of  that  involved  in  the  retrogression  mechanism,  B  must 
be  less  than  or  equal  to  the  runout  angle.  If  the  failure  proceeded  with  just 
the  perfect  assistance  of  scour  such  that  every  grain  of  sand  raining  off  the 
retrogressing  face  and  every  piece  of  overburden  were  removed  from  the  scar, 
then  B  would  equal  a  .  In  that  special  case,  there  would  have  been  no 
resedimentation  of  any  of  the  sand  raining  off  the  retrogressing  face.  It  can 
be  deduced  from  the  sections  of  typical  failures  of  record  that  with  few 
exceptions  some  resedimentation  does  occur,  and  8  is  less  than  a  .  This  is 
because  projections  of  the  average  6  just  do  not  conform  to  the  concept  of 
the  scour  pool/trench  as  the  initiation  point  of  failure.  In  other  words,  the 
projection  of  the  average  bottom  slope  of  a  typical  failure  would  intersect 
the  river  bottom  well  out  into  the  river  and  pass  well  above  and  beyond  the 
scour  pool/trench.  The  value  of  Figure  17  lies  in  the  suggestion  of  a  maximum 
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value  for  0  and,  therefore,  a  possible  maximum  value  for  a  .  The  author 
selects  the  maximum  implied  value  of  a  from  Figure  17  to  be  9  or  10  deg,  say 
10  deg,  taken  from  the  initiating  point  of  scour.  This  is  a  valuable  implica¬ 
tion.  However,  does  that  10-deg  runout  angle  represent  a  maximum  of  a  wide- 
ranging  variable,  or  can  it  be  taken  as  a  representative  value  for  all 
failures  below  Baton  Rouge?  It  would  be  logical  that  a  representative  value 
is  feasible  because  the  range  in  Zone  A  gradations  is  not  a  broad  one. 

22.  Turning  back  to  the  sections  of  the  Celotex  failure  of  Figure  6, 
two  important  observations  are  as  follows: 

a.  Assuming  that  the  scour  which  triggered  the  failure  in  1985  was 
similar  to  that  seen  in  the  1984  survey  at  revetment  range  U-19, 
the  projection  of  a  10-deg  runout  angle  from  that  trench 
closely  conforms  to  the  extent  of  batture  loss.  It  must  be 
remembered  that  the  runout  angle  is  a  sand  failure  parameter  so 
that  projection  of  the  angle  is  up  to  the  base  of  the  over¬ 
burden.  A  failure  slope  in  the  overburden  can  conservatively 

be  taken  as  45  deg,  i.e.,  treating  the  overburden  as  a  clay 
failing  in  unconsolidated,  undrained  shear  (Q  strength,  Q  =  0) . 
This  overburden  failure  slope  will  usually  be  conservative  with 
respect  to  batture  loss  because  it  has  been  commonly  observed 
that  overburden  scarps  in  flow  slides  are  nearly  vertical  in  a 
significant  upper  portion.  There  is  no  mystery  behind  the  near 
vertical  upper  portion  of  overburden  scarps  because  tension 
cracks  of  considerable  depth  would  form  as  a  section  of  over¬ 
burden  is  undercut  and  cantilevered  by  the  outflow  of  underly¬ 
ing  sand.  The  thinner  the  overburden,  the  more  likely  the 
scarp  will  be  near  vertical.  Secondary  mass  instability  in  the 
overburden  is  always  possible  depending  on  its  strength  profile 
and  the  presence  of  any  bank  loadings  such  as  the  levee. 

b.  The  trench  of  the  Celotex  failure  between  revetment  ranges  U-18 
and  U-19  presents  an  intriguing  possibility.  A  10-deg  runout 
angle  also  fits  the  average  bottom  slope  of  the  trench.  This 
may  represent  a  "clean"  runout  as  previously  postulated  during 
which  there  was  resedimentation  in  the  area  of  the  scour  which 
triggered  it  and  some  scour  modification. 

23.  The  opportunity  has  not  yet  arisen  to  go  back  into  the  records  per¬ 
tinent  to  past  flow  failures  in  a  thorough  manner  to  attempt  to  check  "fit"  of 
a  10-deg  runout  angle.  This  task  will  be  attempted  although  it  is  probable 
that  very  little  detailed  data  such  as  prefailure  scou'r  conditions  or  original 
revetment  surveys  of  the  scars  will  be  available  even  in  old  records  storage. 
The  author  is  concerned  that  a  cost/benefit  problem  may  emerge. 

24.  It  is  possible  herein  to  apply  the  10-deg  runout  angle  to  the  sec¬ 
tions  approximately  through  the  center  of  the  flow  slides  which  occurred  below 
Baton  Rouge  during  the  flood  of  1973  just  to  see  if  the  pictures  appear 
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feasible.  Those  sections  are  for  the  failures  at  Plaquemine  Bend,  Montz, 
Stanton,  and  Nairn,  LA,  and  are  shown  in  Figures  18-22.  They  were  taken  from 
a  report  submitted  to  LMVD  in  1976.*  Placement  of  the  10-deg  runout  angle 
must  be  done  in  reverse  on  the  sections,  i.e.,  from  the  overburden/sand  inter¬ 
face  point  downward  because  prefailure  scour  conditions  are  not  available.  In 
each  case,  it  is  seen  that  the  10-deg  line  very  feasibly  "fits"  the  sections. 
The  key  to  the  word  "fits"  is  that  any  line  much  flatter  would  imply  an  initi¬ 
ation  of  the  failures  too  far  out  in  the  river  to  conform  to  "permanent"  scour 
pool  positions.  The  fit  to  the  Nairn  failure  (Figure  22)  is  particularly 
close  right  down  to  the  probable  riverward  slide  fill  (resedimented  during 
retrogression)  as  it  was  originally  labeled  on  the  drawing  over  10  years  ago. 
Another  pertinent  observation  from  these  sections  and  the  Celotex  sections  are 
the  typical  landward  bowls  of  the  failures  where  the  central  sections  lie  a 
little  below  the  10-deg  projections.  It  was  pointed  out  previously  that  the 
bowl  is  thought  to  be  attributable  to  relatively  gentle  eddy  scour  which 
develops  within  the  scar. 

25.  The  readily  available  empirical  evidence  particularly  pertinent  to 
the  river  reach  below  Baton  Rouge  has  been  presented  above  in  support  of  the 
concept  of  a  runout  angle  and  an  apparent  representative  value  of  that  angle 
of  about  10  deg.  The  author  believes  that  the  evidence  is  sufficient  to  war¬ 
rant  proceeding  with  a  monitoring  system  which  assumes  that  the  potential 
dimensions  of  a  flow  failure  can  be  estimated  using  the  projection  of  a  10-deg 
runout  angle  from  the  scour  trench/pool .  A  warning  reminder  must  be  added  to 
any  suggestion  that  potential  flow  slide  dimensions  can  be  predicted.  There 
is  no  way  to  predict  batture  losses  resulting  from  either  of  the  following: 

a.  Severe  scour  may  develop  within  the  failure  as  it  apparently 
did  at  Wilkinson  Point,  Point  Menoir,  and  other  cases  indicated 
in  Figure  16. 

b.  Secondary  retrogression  may  be  initiated  landward  of  the  origi¬ 
nal  bank  line  by  localized  scour  within  a  developing  or  essen¬ 
tially  terminated  failure  as  was  previously  postulated  for  the 
Celotex  site. 

Considering  these  possibilities,  if  the  potential  dimensions  of  a  failure  pre¬ 
dicted  using  the  10-deg  runout  angle  yields  a  factor  of  safety  for  the  levee 


*  V.  H.  Torrey,  and  W.  E.  Strohm.  1976.  "Investigation  of  Liquefaction  Sus¬ 
ceptibility  and  Prevention  of  Flow  Slides  In  Mississippi  Riverbanks”  (unpub¬ 
lished)  ,  US  Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  MS. 
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approaching  a  minimally  acceptable  value,  how  close  is  too  close?  This  ques¬ 
tion  represents  another  unknown  and  another  critical  issue  among  many. 

NOD  Levee  Safety  Flow  Slide  Monitoring  System 

26.  The  NOD  geotechnical  staff  has  played  a  necessary  and  major  role  on 
many  occasions  through  the  years  in  the  achievements  of  the  flow  slide  stud¬ 
ies.  The  monitoring  system  to  be  described  below  is  their  system.  The  author 
has  served  only  in  an  advisory  capacity.  The  following  presentation  of  their 
system  was  provided  by  Mr.  Jay  Joseph,  who  was  principally  charged  with  and  is 
credited  for  its  development. 

27.  The  flow  failure  susceptible  areas  below  Baton  Rouge  have  been 
assigned  appropriate  revetment  ranges.  The  elevation  of  the  top  of  the  sub¬ 
stratum  sands  has  been  identified  from  available  soil  borings  in  each  area. 
Table  1  lists  the  susceptible  bank  reaches  and  their  monitored  limits. 

28.  Flow  failure  evaluation  begins  by  examining  available  hydrographic 
survey  data  for  scour  which  could  trigger  a  failure.  At  the  present  time, 
this  is  accomplished  by  comparing  current  revetment  maintenance  surveys  to 
revetment  base  surveys.  Those  areas  experiencing  scour  are  examined  on  a 
range-by-range  basis  to  determine  the  extent  of  bank  failure  that  would  likely 
take  place  using  the  runout  angle  concept.  The  next  step  in  the  evaluation  is 
to  determine  the  effect  the  assumed  bank  failure  would  have  on  the  adjacent 
levee.  This  is  done  by  comparing  the  assumed  failure  with  available  levee 
stability  control  lines  (SCL) .  An  SCL  is  an  imaginary  boundary  or  envelope 
passing  through  the  bank  which  is  determined  by  conventional  stability  analy¬ 
ses  as  the  maximum  bank  loss  which  can  be  suffered  without  the  factor  of 
safety  falling  below  the  minimum  preferred  value.  At  the  present  time, 
results  of  the  flow  failure  evaluation  by  NOD  at  each  revetment  site  are  made 
available  to  the  revetment  planners  to  be  used  in  prioritizing  revetment  work. 

29.  A  computer  program  has  been  developed  to  facilitate  the  evaluation 
of  the  large  number  of  revetment  ranges  shown  in  Table  1.  The  first  part  of 
the  program  extracts  survey  and  SCL  data  currently  storeu  in  a  data  base  on 
the  US  Army  Engineer  Waterways  Experiment  Station  (WES)  computer.  This  data 
file  is  transmitted  to  the  NOD  Harris  computer.  The  second  p.irt  of  the  pro¬ 
gram  evaluates  the  data,  identifying  which  areas  are  experiencing  scour,  which 
areas  would  likely  result  in  a  batture  loss  if  flow  occurs,  and  which  of  these 
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Table  1 


Flow  Failure  Monitoring  Limits 


Revetment 

Mile 

River 

u/s 

Ranges 

D7S- 

Revetment 

u/s 

Ranges 

D/S 

Sand 

EL 

Arlington 

226.5 

L 

226.6 

223.9 

U-65 

D-85 

0 

Manchac 

215.5 

L 

219.0 

217.5 

U-250 

U-150 

-30 

Plaquemlne  Bend 

209.0 

R 

211.6 

211.4 

+ 

t 

-20 

Plaquemlne  Bend 

209.0 

R 

204.5 

203.0 

D-205 

D-280 

0 

Point  Pleasant 

201.3 

R 

201.2 

200.3 

U-24 

D-20 

0 

White  Castle 

193.0 

R 

197.2 

195.9 

U-200 

U-135 

-10 

White  Castle 

193.0 

R 

189.3 

188.3 

D-200 

D-241 

-10 

New  River  Bend 

185.0 

L 

191.3 

191.02 

U-300 

U-280 

-20 

Philadelphia  Point 

182.5 

R 

182.9 

181.7 

U-5 

D-50 

-10 

Smoke  Bend 

177.5 

R 

176.3 

174.8 

D-40 

*D-138 

-15 

Aben 

172.5 

R 

174.8 

174.7 

*U-132 

U-90 

-15 

St.  Alice 

165.0 

R 

163.1 

161.8 

D-125 

D-180 

-60 

Rich  Bend 

157.0 

R 

154.8 

154.1 

D-145 

*D-1 77 

-20 

Rich  Bend 

157.0 

R 

154.1 

153.1 

*D-178 

D-225 

-35 

Belmont 

152.0 

L 

151.3 

150.0 

D-50 

D-115 

-30 

Angelina 

145.0 

L 

142.8 

142.1 

D-125 

D-150 

-15 

Willow  Bend 

141.5 

R 

139.9 

139.2 

D-70 

D-100 

-35 

Lucy 

135.5 

R 

134.6 

133.5 

D-45 

D-90 

-7 

Montz 

132.5 

L 

130.4 

128.9 

D-115 

D-175 

-40 

Waterford 

128.5 

R 

125.8 

125.2 

D-120 

D-150 

-10 

Goodhope 

121.5 

L 

123.2 

122.7 

D-155 

D-175 

-60 

Luling 

119.0 

R 

115.0 

113.5 

D-152 

D-240 

-5 

Kenner 

113.7 

L 

109.7 

109.2 

D-210 

D-230 

-40 

Carrollton 

103.5 

L 

103.0 

101.6 

D-50 

D-100 

-16 

Greenville 

100.4 

R 

104.0 

102.3 

U-185 

U-105 

-30 

Greenville 

100.4 

R 

100.3 

99.5 

U-30 

D-15 

-11 

Gretna  Bend 

96.7 

R 

96.5 

96.4 

D-10 

*D-14 

-30 

(Continued) 

*  Flow  failure  limits  overlap  adjacent  revetments. 

**  Last  revetment  range  on  layout  -  area  extends  beyond  layout. 

+  No  revetment  layout  available.  „  „ 

7  9  Dec  86 
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Table  1  (Concluded) 


Revetment 

Mile 

River 

U/S 

Ranges 

D/S 

Revetment  Ranges 

u/s  d7s 

Sand 

EL 

Gouldsboro  Bend 

95.9 

R 

96.4 

96.2 

*U-15 

U-5 

-30 

Algiers  Point 

95.0 

R 

94.9 

94.6 

D-10 

D-20 

-30 

Third  District  Reach 

92.9 

L 

89.3 

88.1 

D-135 

D-157* ** 

-30 

Cutoff 

88.5 

R 

93.4 

91.3 

U-260 

U-155 

-20 

Cutoff 

88.5 

R 

86.4 

84.8 

D-115 

*D-184 

-10 

Twelve  Mile  Point 

84.0 

R 

84.8 

82.6 

*U-67 

R-0 

-15 

Poydras 

82.0 

L 

82.8 

82.3 

U-30 

D-5 

-20 

Scarsdale 

75.0 

L 

77.3 

76.6 

U-120 

U-85 

-38 

Scarsdale 

75.0 

L 

73.9 

72.9 

D-60 

D-115 

-40 

Oak  Point 

72.5 

R 

71.7 

71.3 

D-40 

D-60 

-40 

L inwood 

71.0 

L 

69.7 

68.1 

D-52 

D-115 

-35 

Harlem 

56.5 

L 

55.0 

53.4 

D-85 

D-169 

-25 

Gravolet 

51.0 

L 

49.1 

48.8 

D-70 

D-90 

-38 

Junior 

54.0 

R 

52.5 

51.15 

D-70 

*D-14 1 

-35 

Diamond 

48.5 

R 

51.15 

50.9 

*U~129 

U-114 

-15 

Diamond 

48.5 

R 

48.2 

46.7 

D-25 

D-100 

-30 

Port  Sulphur 

39.0 

R 

35.2 

32.6 

D-210 

D-254** 

-20 

Buras 

25.1 

R 

23.4 

23.25 

D-80 

*D-87 

-20 

Fort  Jackson 

21.5 

R 

23.25 

23.0 

*U-93 

U-75 

-20 

Fort  Jackson 

21.5 

R 

20.4 

20.0 

D-47 

D-65 

-12 

Olga 

17.0 

L 

13.5 

11.5 

t 

t 

-20 

Venice 

12.5 

R 

12.5 

11.5 

D-105 

D-160 

-20 

*  Flow  failure  limits  overlap  adjacent  revetments. 

**  Last  revetment  range  on  layout  -  area  extends  beyond  layout, 
t  No  revetment  layout  available. 

9  Dec  86 
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areas  would  threaten  the  adjacent  levee.  A  sample  of  the  summary  report  gen¬ 
erated  by  this  program  Is  shown  as  Table  2.  The  program  also  produces  a 
graphics  display  on  the  computer  terminal  monitor  of  the  cross  section  at  any 
selected  range.  Figure  23  depicts  that  display.  The  pertinent  SCL,  the 
revetment  base  survey  and  current  Fathometer  surveys,  and  the  assumed  flow 
failure  runout  angle  (retrogressive  control  line,  RCL)  projected  at  10  deg 
from  the  scour  pool  are  shown  in  Figure  23,  and  appropriate  legends  are 
printed  below  the  plot.  The  plots  can  be  altered  in  scale  as  desired,  and 
hard  copies  can  be  produced  at  the  office  terminal  or  on  the  Calcomp  plotter 
in  colors.  The  runout  angle  is  an  input  variable  so  that  should  an  angle 
other  than  10  deg  ever  be  considered  more  appropriate,  basic  programming 
changes  will  not  be  required. 

30.  Many  locations  have  been  examined  for  flow  failure  potential  using 
1985  and  1986  revetment  surveys.  Results  of  those  evaluations  have  already 
been  included  in  revetment  planning.  However,  the  job  of  monitoring  potential 
flow  failure  areas  has  just  begun.  Many  areas  listed  in  Table  1  lack  the 
hydrographic  surveys  required  to  permit  evaluation.  Surveys  of  these  reaches 
will  be  accomplished  on  a  priority  basis  over  the  next  several  years.  With 
time,  the  frequency  of  the  surveys  in  some  areas  will  likely  be  reduced  if  no 
evidence  of  scour  is  seen.  Areas  will  have  to  be  added  to  or  deleted  from  the 
list  as  more  data  become  available.  Furthermore,  refinements  and  improvements 
in  the  computer  programs  are  already  under  way  to  provide  the  user  with  addi¬ 
tional  comparative  plots  of  changes  indicated  by  hydrographic  surveys  and 
greater  flexibility  in  drawing  information  from  the  data  base. 

31.  The  author  points  out  that  the  long  list  of  sites  to  be  monitored 
is  the  result  of  an  initial  philosophy  that  no  reaches  exhibiting  thin  top 
stratum  over  sands  will  be  omitted.  Under  this  approach,  the  future  will  see 
deletion  of  some  reaches  but  only  on  the  basis  of  the  sufficient  data  justify¬ 
ing  deletion. 
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Table  2 


Flow  Slide  Summary  Report 


IS  JAM  87  PAGE  t 

RANGES  NOTED  INDICATE  7  FEET  08  MORE  SCOUR  FROM  BASE  SURVEY  ELEVATION. 

•  REGRESSION  CONTROL  LINE  ( RCL)  INTERSECTS  SANO  CLAY  INTERFACE. 

*  REGRESSION  CONTROL  LINE  INTERSECTS  STABILITY  CONTROL  LINE. 

f  SOME  RANGES  SUSCEPTIBLE  TO  FLOW  SLIDE  MERE  NOT  INCLUOEO  IN  INPUT  FILE. 

?  STABILITY  CONTROL  LINE  FOR  RANGE  NOT  INCLUDEO  IN  INPUT  FILE. 

Tht  REGRESSION  CONTROL  LINE  ANGLE  IS  10.0  OEGREES. 

PROGRAM  6013VV*FLOSLIOf  INPUT  FILE  13S0AQ*! S74017C 


SURVEY 

LUCA  TION 

NILE 

YEAR 

RANGES  HAVING  SCOUR  HOLES 

7  FOOT  OR  MORE 

ALGIERS  POINT 

95  R 

1)86 

•0-01* 

*0-013 

•0-016?»0-017?»0-018?»0-019?»0-020? 

ANGELINA* 

1*5L 

1986 

•0-125 

0-126 

•0-127 

0-128 

•0-129  *0-130 

•0-131 

*0-132 

•0-133 

•0-13* 

•0-133 

•0-137  *0-138 

•0-139 

>0-1*0 

•0-1*1 

•0-1*3 

•0-1** 

ARLINGTON* 

226L 

1986 

•U-028 

•U-023 

•U-021 

•U-OU 

•U-003  *0-002 

•0-003 

•0-006 

•0-009 

•0-033 

•0-0*0 

•0-041  «0-0*2 

•0-0*3 

•0-0** 

•0-0*6 

•0-0*8 

•0-0*9 

•0-030  *0-031 

•0-038 

-0-060 

•0-062 

•0-06* 

•0-063 

•0-066  *0-067 

•0-068 

•0-07* 

0-080 

0-081 

•0-083 

BELMONT 

152L 

1986 

•0-050 

•0-031 

•0-032 

•0-033 

•0-03*  >0-033 

•0-036 

•0-057 

•0-038 

•0-059 

•0-060 

•0-061  *0-062 

•0-063 

•0-064 

•0-063 

•0-067 

0-070 

0-072  *0-073 

•0-07* 

0-073 

•0-076 

0-077 

0-078 

0-079  0-080 

0-082 

•0-083 

•0-08* 

•0-083 

*0-086 

•0-087  *0-088 

•0-089 

•0-099 

•0-101 

•0-102 

•0-103 

0-10*  *0-106 

•0-108 

•0-111 

•0-112 

0-113 

0-11* 

CARROLL  TON 

1 0*L 

1986 

•0-038? 

•0-061? 

•0-062?* 0-065? 

0-066? *0-069?* 0-0 T2? 

•0-073? 

0-076? 

•0— 077?»0-0?8?»0-079?*0-080?»0-081? 

•0-082? 

•0-083? 

•0-08«?*0-083?*0-087?*0-088?*0-089? 

•0-090? 

•0-091? 

•0-092?*0-093?»0-09*?«0-095?»0-097? 

•0-098? 

•0-099? 

•0-100? 

CUTOFF 

SRR 

1986 

•0-115 

0-116 

*0-118 

*0-119 

•0- 126  *0-128 

0-131 

•0-136 

•0-137 

0-138 

0-139 

0-1*0  0-1*1 

0-1*2 

0-1*3 

*0-1** 

•0-1*6 

OIAMONO  -2» 

*RR 

1986 

•0-023 

•0-026 

•0-02? 

•0-028 

•0-029  *0-030 

•0-031 

•0-032 

•0-033 

•0-03* 

•0-033 

0-036  *0-037 

•0-038 

•0-039 

0-0*0 

0-0*1 

0-042 

0-0*3  0-0*4 

0-0*5 

•0-0*6 

0-0*7 

0-0*8 

0-049 

0-030  0-031 

•0-052 

FORT  JACKSON  *2 

22  R 

1986 

•0-0*7? 

•0-0*8? 

•  0-0 ♦ 9T* 0-03 0?» 0-03 1?»0- 052? • 0-03 3? 

•0-05*? 

•0-033? 

•0-036? • 0 -057 ?• 0- 038? *0* 059?* 0-060? 

•0-061? 

•0-062? 

•0-063?*0-06*?* 0-063? 

GOOOHOPE  R 

1 22L 

1986 

•0-173 

GOULOSRORO  9EN0 

96R 

1986 

•U-01*? 

•  U-013? 

•U-0 10?*U-008?»U-007?«U-006?aU-003? 

gravolctr 

31L 

1986 

0-071 

0-073 

0-0  7* 

0-073 

0-076  0-077 

0-078 

0-079 

•0-080 

•0-081 

•0-083 

GREENVILLE  *2 

100R 

1986 

•U-030 

•U-029 

•U-028 

•U-027 

•U-026  *U-023 

•U-02* 

•U-023 

•U-022 

U-028 

SU-019 

• U-0 16  ‘U-OIS 

•U-01* 

•U-OU 

•U-010 

•U-0  09 

•U-008 

•U-007  *U-006 

•U-003 

•U-003 

•U-002 

•U-001 

•0-001 

0-002  0-003 

•0-00* 

0-003 

0-006 

•0-011 

*0-014 

ORFTKA  bCNO 

97R 

1986 

•0-010? 

•O-Oll? 

•0-012?  0-013?*0-01*? 

JUNIOR* 

5*8 

1986 

•0-070 

•0-071 

•0-072 

•0-073 

•0-07*  *0-075 

•0-076 

•0-077 

•0-078 

•0-079 

*0-080 

*0-081  *0-082 

*0-083 

*0-08* 

*0-083 

*0-086 

*0-087 

(0-088  0-089 

*0-090 

*0-091 

*0-092 

0-093 

•0-09* 

KENNER* 

I  l *c 

1986 

•0-213 

0-227 

0-2  28 

(Continued) 
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Table  2  (Continued) 


IS  JAN  87  PAS E  2 

-ANGES  VOTED  INDICATE  7  FEE  T  OR  MORE  SCOUR  FRON  BASE  SURVEY  ELEVATION* 

*  REGRESSION  CONTROL  LINc.  ( RCL )  INTERSECTS  SANO  CLAY  INTERFACE, 
i  REGRESSION  CONTROL  LINE  INTERSECTS  STABILITY  CONTROL  LINE. 

■  SOME  RANGES  SUSCEPTIBLE  TO  FLOW  SLIDE  WERE  NOT  INCLUOEO  IN  INPUT  FILE. 

?  STABILITY  CONTROL  LINE  FOR  RANGE  NOT  INCLUDED  IN  INPUT  FILE. 

TnE  REGRESSION  CONTROL  LINE  ANGLE  IS  10.0  DEGREES. 

PROGRAM  6013VVFLOSL1CE  INPUT  FILE  1  JS  0  A  0«  I  5740  I7C 


SURVEY 

LtCA  TION 

MILE 

TEAR 

RANGES  HAVING  SCOUN  HOLES 

7  FOOT 

OR  MORE 

LINNOOO* 

71 L 

1  186 

NONE 

LUCY  » 

1  36R 

1986 

0-095 

•0-077 

0-082 

LULI  ND« 

1 19R 

1986 

•0-153 

•0-187 

0-163 

•0-172 

0-173 

•0-177 

0-178 

0-183 

NANCHAC  « 

2  15L 

1986 

U-175 

U-170 

•U-166 

•U-165 

U- 155 

•U- 154 

NUN  T  2# 

1  32  L 

1986 

0-115 

0-119 

•0-120 

0-121 

*0-126 

•0-1377* 0-138? 

NCR  RIVER  MENU 

1BSL 

1986 

•U-300 

•U-299 

U-298 

U-297 

U-  296 

UI-293 

*U-294 

SU- 293 

U-292 

»U- 291 

U-290 

tU-209 

U-288 

U-2S7 

U- 286 

U-285 

U-289 

• U-283 

U-2B2 

•U-281 

U-280 

OAK  POINT 

72R 

1986 

*0-090 

•0-091 

•0-092 

*0-093 

•0-099 

•0-045 

•0-046 

0-097 

0-098 

•0-099 

0-050 

•0-051 

•0*032 

0-054 

0-055 

0-056 

•0-057 

0-058 

•0-059 

•D-060 

PHILADELPHIA  PT. 

1S2R 

1986 

•U-002 

•U-001 

•0-017 

•0-025 

•0-026 

•0-041 

*0-042 

PLAOUtrflv:  BENOA 

•0-097 

•0-099 

0-050 

2  QNR 

1986 

*0-207 

•0-212 

•0-213 

•0-219 

•0-216 

•D-217 

•0-218 

•0-219 

•0-222 

•0-223 

•0-229 

•0-227 

•0-229 

0-231 

0-236 

port  sulphur • 

39R 

198G 

•0-218 

•0-211 

•0-212 

•0-213 

•0-219 

•0-215 

*D-2 1 6 

*0-217 

*0-218 

*0-219 

*0-220 

*0-221 

*0-222 

*0-223 

*0-229 

*0-225 

*0-226 

*D-227 

*0-228 

*0-229 

*0-230 

*0-231 

*0-232 

*0-233 

*0-239 

*0-235 

*0-236 

*0-237 

*0-238 

•0-292 

•0-296 

•D-297 

•0-298 

•0-249 

•D-250 

•0-251 

•0-252 

PGYORAS 

82L 

1986 

•U-0I9 

•U-017 

•U-016 

•U-015 

•U-014 

•U-013 

•U-01 1 

•U-010 

•0-009 

•U-008 

•U-009 

•U-002 

•0-001 

•0-002 

•0-003 

RICH  OENQ  -1* 

157R 

1986 

•0-166 

0-171 

*0-175 

RICH  8E NO  *2 

157R 

1986 

0-208 

SCARSOALE  -l» 

75L 

1986 

NONE 

SCARSuALE  -2* 

75L 

1986 

•0-060 

•0-061 

•0-062 

•0-063 

•0-064 

•0-065 

•0-066 

*0-067 

•0-068 

•0-069 

•0-070 

•0-071 

•0-072 

•0-073 

•0-079 

•0-075 

•0-076 

•0-077 

•0-078 

•0-079 

•0-080 

•0-081 

•0-082 

0-083 

•0-089 

0-085 

0-086 

0-087 

0-088 

0-089 

0-090 

0-091 

0-092 

0-093 

0-094 

•0-095 

•0-096 

•0-097 

•0-098 

•0-099 

•0-100 

•0-102 

SMOKE  BE  NO* 

l  7BR 

1986 

•0-090 

•0-091 

0-092 

0-093 

0-044 

0-045 

0-046 

0-097 

0-098 

0-099 

0-050 

•0-051 

0-052 

•0-053 

•0-059 

•0-055 

•0-056 

•D-Q57 

•0-058 

•0-059 

*0-060 

•0-061 

0-062 

0-063 

•0-063 

•0-072 

•0-077 

•0-001 

•0-083 

•0-005 

•0-008 

•0-009 

•0-090 

•0-091 

•0-098 

•0-103 

•D-I06 

•0-109 

•0-110 

•0-111 

ST.  ALICE* 

165R 

1986 

0-126 

•0-127 

•0-128 

•0-129 

•0-130 

•0-131 

•0-132 

•0-133 

•0-139 

•0-135 

•0-136 

•0-137 

•0-139 

•0-140 

•0-191 

•0-192 

•0-193 

•D-199 

•0-146 

•0-147 

•0-148 

•0-199 

•0-159 

•0-155 

•0-156 

•0-137 

•0-138 

•0-159 

(Continued) 
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Table  2  (Concluded) 


IS  JAN  87  PACE  3 

RANGES  NOT £0  INDICATE  7  FEE T  OR  MORE  SCOUR  FROM  BASE  SURVEY  ELEVATION. 

•  REGRESSION  CONTROL  LINE  (RCL*  INTERSECTS  SANO  CLA7  INTERFACE. 

A  REGRESSION  CONTROL  LINE  INTERSECTS  STABILITY  CONTROL  LINE. 

*  SOME  RANGES  SUSCEPTIBLE  TO  FLOW  SLIDE  WERE  NOT  INCLUOEO  IN  INPUT  FILE. 

7  STABILITY  CONTROL  LINE  FOR  RANGE  NOT  INCLUOEO  IN  INPUT  FILE. 

ME  DEGRESSION  CONTROL  LINE  ANGLE  IS  10.0  0E6REES. 

PROGRAM  uOl 3VU.FL0SLI0E  INPUT  FILE  13S0A0* 1 5740 1TC 


SURVEY 

LOCATION 

MILE 

year 

RANGES  HAVIN6  SCOUR  HOLES 

7  FOOT 

OR  NONE 

ST.  ALICE* 

1  GSR 

1986 

•0-161 

•0-162 

•0-16* 

•0-166 

•0-167 

•0-168 

•0-169 

•0-170 

•0-172 

•0-17* 

•0-175 

•0-1767 

THIRD  0 I  ST .  REACH* 

93L 

1986 

NONE 

VENICE 

12R 

1986 

•0-138 

•0-109 

•0-122 

•0-123 

•0-137 

0-1*3 

0-1** 

*0-1*5 

0-156 

•0-157 

WATERFORD* 

1 28R 

1986 

•0-120 

•0-121 

•0-122 

•0-123 

•0-12* 

*0-125 

*0-126 

•0-127 

•0-134 

•0-128 

•0-129 

•0-130 

•0-131 

•0-132 

•0-1 33 

WHl T£  CASTLE  -1 

1938 

1986 

•U-183 

•U-166 

•U-162 

•U- 158 

•U-157 

•U-136 

•U-155 

•U-134 

•U-138 

•U-153 

•0-152 

•U-151 

•U-130 

•U-l*9 

•U-139 

WILLOW  BENO* 

1A2R 

1986 

•0-070 

•0-071 

•0-072 

0-073 

0-07* 

•0-075 

•0-077 

•0-078 

•0-079 

•0-082 

•0-08* 

•0-085 

•0-086 

0-088 

0-089 

0-090 

0-091 

0-092 

D-093 
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ELEVATION  IN  FEET,  N.G.V.D 


DISTANCE  FROM  BASE  LINE  IN  FEET 

FLOW  SLIDE  PLOT  AND  REPORT  PROGRAM  K574017 

BASE  SURVEY  1982  - 

CURRENT  SURVEY  1986  - 

STABILITY  CONTROL  LINE  1980  - 

RETROGRESSIVE  10  DEGREES - 


AREA: SCARSDALE 
RANGE:  D-066 


Figure  23.  Example  of  computer  graphics  output,  Levee  Safety 
Flow  Slide  Monitoring  System 
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PART  IV:  HISTORICAL  RIVER  MOVEMENT  AND  ITS  IMPLICATIONS 


Background 

32.  Since  WES  geologists  have  been  conducting  specific  flow  failure 
site  studies  employing  old  hydrographic  surveys  of  the  river  below  Baton 
Rouge,  the  data  were  available  to  compare  the  oldest  available  surveys  (1879- 
1894)  with  the  latest  (1973-1975).  The  comparative  bank  lines  between  the  two 
survey  data  sets  are  given  in  Appendix  A.  The  bank  lines  roughly  correspond 
to  the  Low  Water  Reference  Plane  (LWRP) . 

33.  Also  significant  to  the  discussion  to  follow  is  the  complete  compi¬ 
lation  of  pertinent  soil  boring  data  contained  within  NOD  files  for  the  entire 
reach  of  river  below  Baton  Rouge,  LA.  Appendix  B  consists  of  that  boring  data 
for  both  right  and  left  descending  banks  from  Wilkinson  Point  at  mile  235  AHP 
(Baton  Rouge)  to  the  lower  end  of  the  mainline  levee  system  on  the  left 
descending  bank  at  mile  10  AHP.  Borings  considered  too  distant  from  the  top 
of  the  bank  to  be  pertinent  to  bank/levee  stability  problems  are  not  included. 
The  boring  logs  of  Appendix  B  are  intended  to  show  the  presence  of  significant 
substrata  of  sand.  Blank  segments  on  the  individual  logs  represent  clays, 
silts,  or  insignificant  strata  (less  than  5  ft)  of  sands.  The  compilation  has 
proven  to  be  very  useful  in  establishing  the  overburden/sand  interface  on  a 
site-by-site  basis  for  use  in  the  monitoring  program  previously  described. 

Implications  of  the  Historical  Data 

34.  Based  on  bank  line  changes  observed  by  comparing  the  oldest  hydro- 
graphic  surveys  with  the  latest  surveys,  a  pattern  emerges  telling  the  expect¬ 
able  story  of  the  river's  continuing  attempts  to  change  its  alignment  in 
directions  typical  of  meandering.  All  of  the  reaches  exhibiting  the  larger 
historical  bank  losses  also  exhibit  the  presence  of  the  least  erosion- 
resistant  soils,  i.e.,  sands  and/or  silty  sands.  Whether  the  sands  are 
exposed  to  river  attack  near  surface  or  beneath  considerable  thicknesses  of 
clayey  top  strata,  the  river's  attack  has  been  very  successful  along  many 
reaches  and  should  be  expected  to  continue.  Where  the  sands  are  near  surface 
(50  ft  or  less),  the  largest  bank  losses  of  record  have  been  measured  in  mag¬ 
nitudes  of  thousands  of  feet.  What  bank  revetment  has  done  to  mitigate  these 


59 


losses  has  not  been  fully  established  because  the  revetment  program  below 
Baton  Rouge  Is  not  old  In  terms  of  cycles  of  river  attack.  The  loss  of 
revetted  bank  is  a  commonality  within  the  LMVD  testified  to  by  the  size  of  the 
annual  maintenance  program.  The  author  suspects  that  past  maintenance 
requirements  on  a  site-by-site  basis  could  be  strongly  correlated  to  the  pres¬ 
ence  of  significant  sand  strata  in  the  bank. 

35.  Within  the  context  of  the  chronic  attack  described  above  is  that  of 
the  relatively  rare  severe  flood  periods.  As  were  previously  identified  (by 
letter  to  LMVD  in  1979) ,  there  are  numerous  reaches  in  point  bar  deposits  on 
the  upstream  inside  of  bendways  which  are  obviously  subjected  to  especially 
severe  erosion  during  such  high  stages.  Where  significant  strata  of  fine 
sands  and/or  silty  sands  are  present  under  thin  top  strata,  major  flow  slides 
are  likely.  Major  failure  scars  mark  these  locations  with  regularity  below 
Baton  Rouge  and  upriver  as  well.  Within  these  reaches  of  persistent  histori¬ 
cal  erosion,  old  bank  line  surveys  regularly  show  the  presence  of  large  scal¬ 
lops  (suggesting  flow  slides)  chronologically  marching  landward  at  about  the 
same  location.  Extreme  flood  periods  seem  to  be  the  key  to  these  failures 
(except  Celotex)  because  they  have  not  been  observed  during  "normal"  annual 
high  water  periods.  Flow  slides  during  extreme  events  are  most  dangerous 
because  they  may  occur  during  times  when  water  is  over  the  batture  and  against 
the  levees  and  may  consequently  be  invisible.  During  normal  high  water  these 
reaches  may  experience  bank  losses  by  general  erosion  which  does  not  trigger 
flow  slides  or  at  least  not  ones  that  have  been  noted. 

36.  With  the  studies  associated  with  the  Marchand  batture  and  levee 
failure  (left  descending  bank,  mile  180.7  AHP)  of  23  August  1983  came  yet 
another  dimension  to  the  problem  of  the  role  of  sands  in  bank  stability.  At 
this  site,  overburden  deposits  average  120  ft  in  thickness  and  were  underlaid 
by  sands  and  silty  sands  below  el  -96.  The  thalweg  of  the  river  was  at 

el  -150  and  in  a  scour  trench  in  the  sands  at  the  toe  of  the  river  bank.  The 
final  internal  report  prepared  by  the  NOD  in  October  1984  stated  as  follows: 

A  review  of  surveys  made  at  the  failure  location  since 
1971  indicates  that  an  initial  deep-seated  slide 
occurred  in  the  underwater  bank  in  1973  as  a  result  of 
toe  scour  in  the  sand  at  the  base  of  the  slope.  This 
initial  slide  weakened  the  underwater  bank  and  led  to 
successive  failure  of  the  upper  slope.  This  progres¬ 
sion  led  to  eventual  loss  of  the  upper  bank,  reducing 
significantly  the  passive  resistance  to  levee  failure. 
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The  1983  bank  failure  was  the  last  in  a  sequence  of 
failures  resulting  from  continuous  bank  scour. 

There  is  no  reason  to  discount  the  possibility  of  runout  of  sands  in  the 
retrogressive  manner  as  the  initial  failure  referred  to  above.  The  process  of 
failure  in  a  thick,  cohesive  overburden  stratum  undercut  by  loss  of  underlying 
sand  has  not  been  addressed.  It  is  an  unusual  geotechnical  problem  meriting 
study. 

37.  Turning  to  the  historical  river  movement  data  and  soils  data  of 
Appendices  A  and  B,  respectively,  a  pattern  can  be  seen.  It  is  obvious  that 
the  river  has  commonly  and  successfully  eroded  banks  exhibiting  soil  profiles 
similar  to  that  at  Marchand,  i.e.,  thick  overburden  over  deep  sands.  The 
author  is  of  the  opinion  that  the  failure  sequence  described  for  Marchand  is 
a  usual  one. 

38.  It  was  decided  to  quantify  the  river's  movement  by  scaling  the  ero¬ 
sion  or  deposition  in  feet  of  batture  from  the  sheets  of  Appendix  A  at  every 
other  one  of  the  1,328  hydrographic  ranges  from  range  R-234.8  (Baton  Rouge)  to 
range  R-10.6  (lower  end  of  mainline  levees).  The  661  discrete  data  obtained 
in  this  manner  are  given  in  Appendix  C  for  both  right  and  left  banks.  These 
data  were  used  to  categorize  the  severity  of  historical  bank  losses  by  reach. 
The  categories  are  the  arbitrary  choice  of  th  author  and  are  as  follows: 

a.  Severe  losses  -  1,000  or  more  feet  of  bank  recession  over  the 
90-year  period  of  record.  These  reaches  are  listed  in  Table  3 
with  comments  verifying  the  regularity  of  thalweg  in  deep 
sands . 

b.  Modera  °  losses  -  500  to  999  ft  of  bank  recession  over  the 
period  of  record.  These  reaches  are  listed  in  Table  4  with 
comments . 

c.  Minor  losses  -  less  than  500  ft  of  bank  recession  over  the 
period  of  record.  These  reaches  are  listed  in  Table  5  with  no 
comment . 

All  of  the  four  major  flow  failures  during  the  flood  of  1973  occurred  within 
reaches  listed  as  suffering  severe  to  moderate  bank  losses  over  the  period  of 
record.  It  is  interesting  to  note  that  the  Greenville  Bend  reach  including 
the  Celotex  failure  site  has  suffered  only  about  450  ft,  i.e.,  minor  bank 
recession  over  the  period  of  record. 

39.  It  is  emphasized  that  the  data  given  in  Tables  3-5  are  intended  to 
serve  as  a  form  of  attack  classification  as  opposed  to  a  flow  slide  suscepti¬ 
bility  classification.  Put  simply,  it  is  reasonable  to  believe  that  any 
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-60;  very  shallow  sands  from  R-82.8  to  R-82.5;  If  river 
deepens,  could  lose  levee  here 
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Table  5 

Chronic  Problem  Reaches,  Minor  Bank  Losses  of  Less  Than  500  ft 


Reach 


Range 

to 

Range 

Right  Bank 

229.6 

to 

227.8 

450 

209.6 

to 

205.8 

400 

182.6 

to 

181.7 

300 

169.6 

to 

169.0 

200 

149.8 

to 

148.4 

250 

129.4 

to 

127.7 

325 

122.7 

to 

120.3 

450 

119.5 

to 

115.6 

350 

108.7 

to 

105.2 

450 

101.8 

to 

98.4 

450 

96.6 

to 

95.8 

200 

84.1 

to 

82.6 

350 

79.7 

to 

79.0 

200 

78.1 

to 

75.5 

375 

73.5 

to 

71.9 

475 

63.9 

to 

61.8 

250 

59.8 

to 

52.1 

400 

49.7 

to 

48.2 

250 

31.6 

to 

25.2 

450 

13.2 

to 

11.8 

200 

Maximum  Bank 
Loss  of  Record 


Left  Bank 


202.8 

to 

202.2 

400 

197.0 

to 

196.4 

200 

162.1 

to 

160.3 

350 

138.1 

to 

136.4 

400 

103.8 

to 

102.5 

200 

85.7 

to 

83.4 

350 

79.4 

to 

78.1 

350 

71.5 

to 

70.2 

375 

65.9 

to 

62.9 

400 

57.3 

to 

55.3 

250 

41.6 

to 

39.3 

225 

38.3 

to 

37.6 

200 

28.6 

to 

26.9 

200 
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reaches  classified  as  susceptible  to  flow  failure  which  also  appear  in 
Tables  3-5  are  at  very  high  risk.  In  addition,  those  reaches  appearing  in 
Tables  3  and  4,  i.e.,  under  severe  to  moderate  attack  where  thick  overburden 
overlies  sand  and  the  thalweg  is  in  the  sand  against  the  bank  in  question, 
should  also  be  considered  at  high  risk. 

Selected  Statistical  Summaries  of  Historical  Changes 

40.  The  discrete  data  of  historical  erosion  and  deposition  given  in 
Appendix  C  are  plotted  for  the  right  and  left  banks  in  Figures  24  and  25, 
respectively.  It  is  striking  to  see  for  both  banks  that  the  magnitudes  of  the 
river's  movements  and  the  frequency  of  those  magnitudes  are  distinctly  larger 
above  (upriver)  hydrographic  range  R-130  at  the  Bonnet  Carre  Spillway  than 
below  (downriver).  The  NOD  geologist,  Mr.  Fred  Smith,  attributes  this  to  a 
change  in  the  geologic  setting  wherein  more  erosion-resistant  Prodelta  clays 
begin  to  occur  regularly  in  the  soil  profile  of  the  banks.  Figure  26  presents 
the  same  data  plotted  as  right  bank  versus  left  bank.  If  a  line  with  a  unit 
negative  slope,  -1,  is  also  plotted  in  Figure  26  as  shown,  it  divides  the  data 
into  the  set  of  ranges  where  a  net  narrowing  of  the  channel  occurred  (points 
above  the  line)  and  where  a  net  widening  occurred  (points  below  the  line).  In 
Report  1  (Torrey,  Dunbar,  and  Peterson  1988),  Dunbar  calculated  the  total  bat- 
ture  area  of  historic  deposition  and  the  total  batture  area  of  historic  ero¬ 
sion  for  a  10-mile  reach  of  river  including  the  Bonnet  Carre  Point  and  Montz 
flow  slide  sites.  He  found  only  a  7-acre  difference  between  erosion  and  depo¬ 
sition  through  the  two  bendways  examined.  The  processes  of  erosion  and  depo¬ 
sition  appear  to  be  approximately  balanced  below  Baton  Rouge.  Figures  27 
and  28  break  the  total  data  set  into  that  above  hydrographic  range  R-129.8 
(Bonnet  Carre  Spillway)  and  that  below.  These  two  figures  really  bring  out 
the  very  different  range  of  variations  between  the  two  subreaches  and  reveal 
the  predominance  of  net  channel  narrowing  between  ranges  234.8  to  129.8  and 
predominance  of  net  channel  widening  below  range  129.8.  Figures  29-34  present 
the  erosion/deposition  data  in  the  form  of  frequency  histograms.  The  histo¬ 
grams  reveal  the  following: 

a.  For  the  entire  reach  of  river  below  Baton  Rouge  and  for  both 
banks  (Figures  29  and  32) ,  the  mean  values  are  very  close  to 
zero.  The  right  bank  mean  is  that  of  deposition  of  only  48  ft 
of  batture  while  the  left  bank  mean  is  that  of  erosion  of  only 


67 


4000- 


68 


Historical  erosion/deposition,  right  bank,  Mississippi  River 
below  Baton  Rouge,  LA 


-000 


69 


4000- 


m 

•O 

or*a> 
o  I  I 

QrOO> 

ui^?® 

1*0 
Z  O  >H 


..  *.  •/ 
•*  v*y 
• _ •  * 


•A 
%  »• 


M  • 

.» •  •  • 

-•A  • 

«*  •*.  > 

:  •  /••  * 

•  ••  •  O 

/  tz 

'  rz  n 


.  / 

/ 


70 


Figure  26.  Historical  erosion/deposition,  right  bank  versus  left  bank 
range  234.8  to  10.6,  Mississippi  River  below  Baton  Rouge,  LA 
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Figure  27.  Historical  erosion/deposition,  right  bank  versus  left  bank, 
range  234.8  to  129.8,  Mississippi  River  below  Baton  Rouge,  LA 
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range  129.8  to  10.6,  Mississippi  River  below  Baton  Rouge, 
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Figure  32.  Frequency  histogram,  historical  erosion/deposition,  left 
bank,  range  234.8  to  10.6,  Mississippi  River  below  Baton  Rouge,  LA 
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Figure  33.  Frequency  histogram,  historical  erosion/deposition,  left 
bank,  range  234.8  to  129.8,  Mississippi  River  below  Baton  Rouge,  LA 
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Figure  34.  Frequency  histogram,  historical  erosion/deposition,  left 
bank,  range  129.8  to  10.6,  Mississippi  River  below  Baton  Rouge,  LA 


4  ft  of  batture.  The  distributions  are  relatively  symmetrical 
about  the  means  with  essentially  identical  standard  deviations 
although  much  more  concentrated  toward  the  means  than  normal 
distributions  (Gaussian) .  For  the  largest  percentage  of  the 
data  for  both  banks,  erosion  falls  in  the  "minor"  category 
(less  than  500  ft  of  historic  batture  loss). 

b.  When  the  total  data  sets  are  divided  into  the  subsets  above 

Bonnet  Carre  Spillway  and  below  (right  bank — Figures  30  and  31, 
left  bank — Figures  33  and  34) ,  the  differences  between  the  two 
reaches  are  again  seen.  The  dispersions  of  the  data  for  both 
banks  above  Bonnet  Carre  Spillway  (hydrographic  range  R-129.8) 
are  very  similar  (right  bank  standard  deviation  =  901  ft  of 
batture;  left  bank  standard  deviation  =  380  ft  of  batture). 

This  reiterates  the  previous  statement  that  the  river  has  been 
much  more  active  above  Bonnet  Carre  Spillway  than  below.  It  is 
also  seen  that  above  R-129.8  the  mean  trend  has  been  deposition 
for  both  banks,  while  below  R-129.8  the  mean  trend  has  been 
erosion  for  both  banks.  Therefore,  on  the  average,  the  river 
has  tended  to  become  narrower  above  Bonnet  Carre  Spillway  but 
wider  below. 

41.  Figures  35  and  36  show  the  changes  in  channel  width  and  maximum 
depth,  respectively,  over  the  period  of  record.  The  changes  in  depth  are 
based  roughly  (maximum  error  judged  to  be  less  than  5  ft  between  the  old  and 
latest  surveys)  on  LWRP.  The  change  in  width  shown  in  Figure  35  exhibits  a 
clear  trend  from  upstream  to  downstream  in  that  the  river  has  tended  to  tran¬ 
sition  from  becoming  narrower  to  becoming  wider  with  the  crossover  point  again 
being  near  Bonnet  Carre  Spillway.  This  trend  is  not  favorable  since  Figure  36 
reveals  that  very  little  significant  changes  have  occurred  with  respect  to 
depth.  If  the  river  remains  at  the  same  depth  above  R-129.8  while  it  tends  to 
become  narrower  in  that  same  reach,  it  portends  Increasing  average  current 
velocities.  This  will  cause  trouble  where  erosion/scour  hole  formation,  gen¬ 
eral  bank  stability,  and  flow  slide  problems  are  concerned.  In  addition,  the 
tendency  of  the  river  to  slowly  widen  below  R-129.8  portends  bank  caving  prob¬ 
lems  mostly  in  the  "minor"  category  but,  nonetheless,  relentless.  These 
trends  just  indicate  that  there  is  no  relief  in  sight,  and  that  the  problems 
are  likely  to  multiply. 

42.  Frequency  histograms  for  the  change  in  chanrel  width  are  given  in 
Figures  37-39  and  for  change  in  channel  depth  *n  Figures  40-42.  The  change- 
in-width  histograms  illustrate  the  trends  addressed  above.  The  change-in- 
depth  histograms  show  strong  normal  distribution  tendencies  and  reveal  how 
little  depth  has  changed  over  the  total  period  of  record.  For  the  total  reach 
of  river  below  Baton  Rouge,  over  90  percent  of  the  ranges  reflected  a  change 
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NOTE:  Data  derived  by  comparison  of 
1973-75  hydrographic  surveys  to 
1879-94  surveys 
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Figure  37.  Frequency  histogram,  change  in  channel  width,  range  234.8 
to  10.6,  Mississippi  River  below  Baton  Rouge,  LA 
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Figure  39.  Frequency  histogram,  change  in  channel  width,  range  129.8 
to  10.6,  Mississippi  River  below  Baton  Rouge,  LA 


Frequency  histogram,  change  in  channel  depth,  range 
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Figure  41.  Frequency  histogram,  change  in  channel  depth,  range  234.8 
to  129.8,  Mississippi  River  below  Baton  Rouge,  LA 
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Figure  42.  Frequency  histogram,  change  in  channel  depth,  range  129.8 
to  10.6,  Mississippi  River  below  Baton  Rouge,  LA 


in  depth  of  less  than  30  ft  in  either  direction.  Considering  the  fact  that 
such  variations  and  larger  are  not  uncommon  on  an  annual  basis  (attributable 
to  bottom  sand  waves  or  scour-fill  cycles) ,  it  appears  to  be  safe  to  say  that 
only  the  rare  events  of  changes  in  excess  of  50  ft  are  significant.  Only 
about  2  percent  (16  of  661)  of  the  range  locations  showed  changes  in  depth 
either  deeper  or  shallower  in  excess  of  50  ft. 

Statistical  Summary  of  1973-1975  River  Parameters 

43.  Channel  width  and  maximum  depth  were  determined  for  all  1973-1975 
hydrographic  ranges  (1328)  from  R-234.8  (Baton  Rouge)  to  R-10.6  (end  of  main¬ 
line  levees).  The  ratios  of  width  to  maximum  depth  (W/D)  and  the  channel  tri¬ 
angular  cross-sectional  areas  (WD/2)  were  also  calculated.  These  numbers  are 
not  intended  to  provide  anything  other  than  very  rough  pictures  and  have  very 
little  use  in  the  rigorous  potamology  sense.  Other  parameters  such  as  effec¬ 
tive  area  or  hydraulic  radius  might  be  more  useful,  but  perhaps  the  data  given 
herein  will  indicate  the  potential  worth  of  studying  the  more  applicable  num¬ 
bers.  Channel  width,  channel  maximum  depth,  range  in  W/D  ratio,  and  range  in 
channel  triangular  area  are  plotted  in  Figure  43.  The  figure  shows  that  there 
is  little  correlation  between  width  and  depth  other  than  a  very  muted  trend 
for  width  to  increase  as  depth  decreases.  Channel  area  ranges  from  as  low  as 
only  about  50,000  sq  ft  to  as  much  as  six  times  that  value.  At  the  same  time, 
W/D  varies  from  less  than  10  to  over  100,  Attempts  to  discern  the  nature  of 
such  variance,  much  less  to  make  predictions  of  behavior  on  a  site-by-site 
basis,  are  monumental  undertakings.  Nonetheless,  the  author  believes  that 
comprehensive  study  of  the  river  below  Baton  Rouge  will  force  itself  upon  the 
problem  solution  sooner  or  later;  it  might  as  well  be  accepted  now  and  begun. 
Even  if  a  cost  effective  preventative  bank  protection  system  is  developed  in 
the  meantime,  it  is  hard  to  imagine  that  funds  expended  in  gaining  additional 
knowledge  of  the  river  will  prove  to  be  a  poor  investment. 

44.  The  discrete  data  for  width,  depth,  W/D  ratio,  and  triangular  area 
are  plotted  in  Figure  44-47,  respectively.  Corresponding  frequency  histograms 
are  given  in  Figures  48-51.  Figure  44  shows  *  slight  tendency  for  the  average 
channel  width  to  be  larger  at  both  ends  of  the  reach  below  Baton  Rouge  and  for 
pronounced  amplitude  in  width  variation  in  the  upstream  half  (R-234.8 

to  R-110.0)  of  the  reach.  Channel  depth  shown  in  Figure  45  tends  to  steadily 
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Figure  44.  Channel  width,  Mississippi  River  below  Baton  Rouge,  LA, 
1973-1975  hydrographic  survey 
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Figure  47.  Channel  triangular  cross-sectional  area,  Mississippi  River  below 
Baton  Rouge ,  LA,  1973-1975  hydrographic  survey 
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Figure  48.  Frequency  histogram,  1973-1975  channel  width,  range  234.8  to 
10.6,  Mississippi  River  below  Baton  Rouge,  LA 
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Frequency  histogram,  1973-1975  channel  depth,  range  234. 
10.6,  Mississippi  River  below  Baton  Rouge,  LA 
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CHANNEL  WIDTH  TO  DEPTH  RATIO,  W/D 


CHANNEL  AREA  HISTOGRAM 
Range  234.8  to  10.6 


Figure  51.  Frequency  histog 
to  10.6,  Miss 


increase  on  the  average  in  the  downstream  direction.  Widt-h-to-depth  ratio 
(Figure  46)  shows  a  distinct  change  in  pattern  near  range  R-110  which  reflects 
the  trends  in  width  previously  mentioned.  Channel  triangular  area  (Figure  47) 
exhibits  a  consistent  tendency  to  increase  in  the  downstream  direction.  The 
histograms  reveal  that  width  (Figure  48)  is  almost  perfectly  normally  distrib¬ 
uted  (random  variable),  while  area  (Figure  51)  is  relatively  normally  distrib¬ 
uted  and  depth  exhibits  the  least  normal  trend  of  the  three  parameters. 
Width-to-depth  ratio  (Figure  50)  is  clearly  skewed  in  its  distribution. 


PART  V:  CONCLUSIONS  AND  RECOMMENDATIONS 


45. 

herein: 


> 


Conclusions 


The  following  conclusions  are  drawn  from  the  new  work  presented 


a.  The  Celotex  batture  and  levee  failure  was  the  result  of  a  flow 
slide  in  substratum  sands  triggered  in  the  scour  trench  near 
Greenville  Bend  revetment  range  U-19.  This  bank  reach  had  been 
classified  as  susceptible  to  flow  failure. 

b.  The  bank  lines  of  record  along  the  Greenville  Bend  revetment 
reach  inclusive  of  the  Celotex  failure  site  indicate  a  regular 
history  of  failures  including  a  past  failure  specifically  at 
the  Celotex  site. 

c.  The  "permanent"  scour  pool  in  Greenville  Bend  upstream  of  the 
Celotex  failure  site  is  migrating  in  a  downstream  and  south¬ 
easterly  direction  and  in  the  future  will  subject  the  flow 
slide  susceptible  right  bank  from  revetment  range  U-30  to  U-15 
to  increased  attack  and,  consequently,  cause  an  increased  risk 
of  additional  flow  slides. 

d.  The  reason  that  the  Celotex  failure  occurred  during  low  water 
is  not  understood.  Scour  pool  behavior  over  the  seasons  of  the 
water  year  is  not  understood  with  sufficient  clarity. 

e.  Empirical  data  from  past  Potamology  Investigations,  that  of  the 
flow  slides  below  Baton  Rouge  in  1973,  and  that  of  the  Celotex 
flow  failure  lend  credence  to  the  concept  of  the  runout 

angle  a  as  a  typical  trait  of  Missies 'ppi  Riverbank  flow 
slides.  Furthermore,  that  data  imply  thet  angle  to  be  approxi¬ 
mately  10  deg  projected  from  a  point  tangent  to  the  base  of  the 
scour  pool /trench  up  through  substratum  sands  to  the  base  of 
the  overburden  stratum.  Therefore,  the  potential  loss  of  bat¬ 
ture  due  to  a  flow  slide  can  be  estimated  using  the  runout 
angle  concept.  Additional  studies  of  future  flow  slides  and  of 
a  theoretical  nature  are  required  to  verify  these  observations. 

£.  The  NOD  has  developed  and  is  using  a  monitoring  system  based  on 
observed  scour  and  the  10-deg  runout  angle  concept  to  permit 
assessment  of  levee  stability  site  by  site.  This  represents 
the  first  rational  method  for  weighing  flow  slide  threat  to  the 
levee.  The  extensive  data  base  supporting  that  system  contains 
information  gaps  which  must  be  filled  on  a  priority  basis. 

£.  The  historical  data  showing  movement  of  the  river  channel  over 
the  last  90  years  indicate  the  range  in  severity  of  bank  ero¬ 
sion  and  the  specific  reaches  suffering  that  range  in  attack. 

h.  Riverbank  reaches  classified  as  susceptible  to  flow  failure  and 
falling  in  any  of  the  attack  categories  of  severe,  moderate,  or 
minor  as  defined  in  this  report  should  be  considered  at  highest 
risk.  These  reaches  should  receive  priority  in  the  monitoring 
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data  acquisition.  Susceptible  reaches  not  falling  in  these 
categories  should  be  monitored  until  sufficient  evidence  war¬ 
rants  their  removal  from  the  system.  Trends  in  scour  pool 
migration  must  be  included  in  these  considerations.  This  dic¬ 
tates  that  trends  in  migration  of  any  pertinent  scour  pools 
must  be  determined  if  unknown. 

1.  Historical  data  as  to  which  bank  soil  profiles  the  river  has 
most  often  successfully  eroded  coupled  with  the  Marchand  levee 
failure  experience  warn  that  deep  sands  underlying  thick  over¬ 
burden  strata  will  lead  to  upper  bank  instability,  particularly 
in  reaches  of  severe  to  moderate  attack.  It  is  thought  proba¬ 
ble  that  the  failure  mechanism  in  the  sands  is  the  same  retro¬ 
gressive  one  as  for  classical  Mississippi  River  bank  flow 
slides . 

2.  Historical  trends  in  changes  of  river  channel  dimensions  imply 
that  average  current  velocities  from  Baton  Rouge  to  3onnet 
Carre  Spillway  are  on  the  increase.  If  true,  this  portends  an 
increase  in  bank  stability  problems  along  that  reach  with  time. 

k.  Historical  data  show  the  river  to  be  widening  by  eroding  both 
banks  downstream  of  about  Bonnet  Carre  Spillway.  This  erosion 
mostly  falls  in  the  minor  category  with  a  few  "hot  spots"  in 
the  severe  and  moderate  categories.  Perhaps  the  implied  reduc¬ 
tion  in  average  current  velocities  portends  an  improving  situa¬ 
tion  except  that  flood  periods  should  still  produce  problems  in 
hot  spots  like  the  Nairn  reach. 


Recommendations 


46.  The  following  tasks  and/or  practices  are  recommended  in  continuance 
of  the  flow  slide  studies.  It  is  not  the  intent  of  the  author  to  infringe  on 
the  area  of  expertise  of  the  River  Engineering  Branch.  Those  LMVD  entities 
are  pursuing  and  considering  valuable  flow  slide  associated  studies  of  their 
own  choosing  in  light  of  past  geotechnical  findings.  The  recommendations  pro¬ 
vided  below  are  considered  important  to  the  geotechnical  aspects  of  the 
problem. 

a.  All  future  flow  slides  below  Baton  Rouge,  whether  in  revetted 
or  unrevetted  bank  or  whether  a  threat  to  the  levee  or  not, 
should  be  surveyed  In  detail  under  water  and  above  water.  Sur¬ 
vey  ranges  should  not  be  more  than  100  ft  apart.  These  data 
are  important  in  confirming  the  10-deg  runout  angle. 

b.  With  respect  to  the  NOD  monitoring  system,  consideration  should 
be  given  to  the  question  of  what  frequency  of  site  hydrographic 
surveys  is  most  appropriate.  Annual  surveys  may  not  be  ade¬ 
quate  to  see  serious  developments  pending  a  better  understand¬ 
ing  of  scour  pool  behavior  through  the  water  seasons. 


100 


I 

«  ■ 

c.  The  theoretical  studies  of  the  failure  mechanism  and  runout 
angle  currently  in  progress  should  be  completed.  It  is  desir¬ 
able  to  draw  empirical  evidence  and  theory  together  to  rest  the 
case  of  existence  of  such  a  parameter  and  its  most  appropriate 
value. 

d.  The  geological  studies  of  the  Marchand  and  Celotex  bank  reaches 
currently  in  progress  should  be  completed.  In  addition,  the 
direction  of  migration  of  all  "permanent"  scour  pools  below 
Baton  Rouge  should  be  determined  from  the  historical  data 
available . 

e.  A  comprehensive  study  of  old  bank  line  data  should  be  initiated 

•  to  document  the  history  of  locations/trends  of  past  bank  fail¬ 

ures  below  Baton  Rouge.  There  is  reason  to  believe  that  these 
data  will  yield  strong  evidence  as  to  specifically  where  future 

,  failures  may  occur  because  those  locations  appear  to  be  tied  to 

persistent  bank  losses  indicated  by  historical  bank  line 
comparisons . 

f .  There  is  a  great  need  to  develop  a  better  understanding  of 
exactly  what  goes  on  in  scour  pools  through  the  stages  of  the 
river  representing  extremes  of  record.  Behavior  through  typi¬ 
cal  annual  stage  variations  is  important  but  probably  not  suf¬ 
ficient.  This  is  the  only  way  the  author  can  see  the  means  to 
study  development  of  oversteepening  of  slopes  in  the  sands  and 
subsequent  flow.  This  can  only  be  achieved  by  detailed,  accu¬ 
rate  surveys  of  selected  pools  in  sands  at  intervals  fitted  to 
river  stage.  Available  computer  software  will  permit  three- 
dimensional  views,  rotation  of  view,  sectioning  at  will,  and 
time-frame  "movies"  of  changes.  The  larger  the  number  of  "per¬ 
manent"  and  migrating  scour  pools  in  sand  which  are  studied, 
the  greater  the  probability  of  observing  the  pertinent  mecha¬ 
nisms  in  a  shorter  period  of  time. 
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MISSISSIPPI  RIVER  BELOW  BATON  ROUGE,  LA,  COMPARISON  OF 
BANK  LINES  BETWEEN  1879-1894  AND  1973-1975 
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DISCRETE  HISTORICAL  EROSTON/DEPOSITION  DATA 
MISSISSIPPI  RIVER  BELOW  BATON  ROUGE,  LA 
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Table  Cl 

Rtverbank  Erosion  (■inus)  and  Accretion  (plus)  In  Feet  Baaed  on 
Approximate  Low  Water  Reference  Plane  and  Bank  Lines  of  the 
1883-1894  Vcraua  the  1973-1975  Hydrographic  Surveys 


Hydrographic 

Descending 

Descending 

Range  Niaber 

Left  Bank 

Right  Bank 

234.8 

400 

-230 

234.4 
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-170 

234.2 

330 

-470 

233.8 

100 

-70 

233.4 

0 
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0 
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0 

0 

232.2 

no 
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231.9 

0 
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0 
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0 

230.65 
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0 
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229.6 
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100 
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228.9 
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Table  Cl  (Continued) 


Hydrographic 

Range  Number 

Descending 

Left  Bank 

Descending 
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-400 

209.0 

200 

-350 

208.6 

7  50 

-100 

208.4 

1,100 

-400 

208.1 

1,300 

-300 

207.8 

1,050 

-150 

207.5 

600 

-200 

206.7 

-150 

-200 

206.4 

0 

-100 

206.15 

100 

-400 

205.85 

900 

-700 

205.5 

1,350 

-1,175 

205.24 

1,700 

-1,550 

205.0 

2,150 

-1,550 

204.6 

2,700 

-1,850 

204.3 

2,800 

-1,200 

204.0 

2,600 

-350 

203.75 

2,000 

200 

203.4 

1,125 

400 

203.13 

250 

300 

202.8 

-100 

0 

202.5 

-400 

250 

202.2 

-325 

175 

201.84 

-200 

100 

201.5 

-250 

0 

201.16 

-100 

-100 

200.85 

50 

-100 

200.54 

200 

-100 

200.33 

-150 

-200 

199.9 

-700 

600 

199.6 

-1,200 

1,300 

199.3 

-1,300 

1,850 

199.04 

-1,000 

1,825 

198.75 

-300 

1,100 

198.45 

-200 

400 

198.15 

-50 

0 

197.85 

75 

-300 

197.56 

150 

-300 

197.3 

0 

-250 

197.0 

-200 

-150 

196.85 

-200 

-175 

196.45 

-50 

-125 

196.18 

100 

-150 

195.9 

200 

-350 

195.6 

0 

-400 

195.32 

200 

-500 

194.98 

350 

-1,000 

194.7 

300 

-1,300 

194.4 

400 

-1,075 

194.05 

750 

-600 

193.75 

1,000 

-225 

193.44 

500 

-200 

(Continued) 
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Table  Cl  (Continued) 


Hydrographic 

Descending 

Descending 

Range  Nuaber 

Left  Bank 

Right  Bank 

193.13 

600 

-400 

192.82 

900 

-850 

192.48 

1,400 

-1,000 

192.2 

1,500 

-750 

191.9 

1,000 

-600 

191.6 

300 

-125 

191.3 

-50 

50 

191.02 

-150 

0 

190.75 

-125 

100 

190.45 

0 

0 

190.15 

0 

0 

189.87 

100 

-100 

189.59 

50 

0 

189.32 

0 

150 

189.04 

0 

300 

188.75 

-100 

325 

188.46 

-250 

450 

188.2 

-600 

700 

187.9 

-900 

1,000 

187.6 

-1,025 

2,000 

187.3 

-1,200 

l.ooo 

187.0 

-1,500 

1,150 

186.7 

-1,400 

1,400 

186.4 

-1,500 

2,225 

186. 1 

-1,400 

2,400 

185.8 

-1,400 

2,350 

185.5 

-1,400 

2,350 

185.2 

-1 ,400 

2,000 

184.9 

-1,000 

1,900 

184.6 

-900 

1,900 

184.3 

-700 

1,550 

184.1 

-400 

1,250 

183.8 

-250 

950 

183.5 

-300 

700 

183.2 

-100 

200 

182.9 

0 

0 

182.6 

100 

-200 

182.0 

50 

-300 

181.7 

200 

-150 

131.5 

0 

375 

181.1 

-400 

950 

181.0 

-950 

1,500 

180.7 

-1,700 

2,000 

180.4 

-1,650 

2,250 

180.2 

-1,650 

2,900 

179.9 

-1,600 

2,800 

179.6 

-1,900 

3,100 

179.3 

-1,800 

2,700 

179.0 

-1,300 

2,000 

178.8 

-850 

700 

178.5 

-200 

700 

178.1 

350 

-275 

177.9 

400 

-250 

177.6 

550 

-200 

177.3 

700 

-300 

177.1 

800 

-525 

176.8 

650 

-500 

176.5 

550 

-40; 

176.2 

475 

-325 

175.9 

225 

-100 

175.7 

100 

100 

175.4 

-200 

500 

175.2 

-300 

600 

174.9 

-200 

600 

174.6 

-300 

500 

174.3 

-300 

400 

174.0 

-500 

100 
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C4 


Table  Cl  (Continued) 


Hydrographic 

Descending 

Descending 

Range  Nuaber 

Left  Bank 

Right  Bank 

173.7 

-550 

225 

173.3 

-400 

200 

173.0 

650 

-200 

172.8 

1,000 

-600 

172.5 

1,125 

-1,000 

172. 1 

1,100 

-750 

171.9 

700 

-300 

171.6 

250 

100 

171.3 

100 

150 

171.0 

0 

125 

170.7 

0 

200 

170.5 

0 

175 

170.2 

0 

100 

169.9 

150 

0 

169.6 

0 

-175 

169. » 

0 

-200 

169.0 

100 

-100 

168.7 

75 

0 

168.4 

0 

25 

168.1 

0 

100 

167.9 

-75 

0 

167.5 

0 

0 

167.2 

0 

0 

166.9 

125 

0 

166.6 

125 

0 

166.3 

75 

-150 

166.0 

100 

-175 

165.2 

425 

-400 

164.9 

600 

-600 

164.6 

775 

-775 

164.2 

725 

-700 

163.9 

675 

-450 

163.6 

400 

-350 

163.3 

250 

-260 

163.0 

250 

-250 

162.7 

100 

-175 

162.4 

0 

-275 

162.1 

-75 

0 

161.8 

-350 

200 

161.5 

-200 

375 

161.2 

-325 

500 

160.9 

-100 

450 

160.6 

-125 

375 

160.3 

-200 

200 

160.0 

0 

0 

159.6 

0 

0 

159.3 

0 

0 

159.0 

75 

-100 

158.7 

150 

0 

158.3 

100 

0 

158.0 

0 

0 

157.7 

-100 

0 

157.4 

0 

-100 

157.0 

150 

-225 

156.7 

600 

-250 

i.56 .4 

1,600 

-1,125 

156.1 

1,550 

-1,300 

155.7 

1,300 

-850 

155.4 

925 

-400 

155. 1 

500 

-250 

154.8 

200 

-100 

154.4 

100 

-200 

154.2 

125 

-350 

153.8 

0 

-400 

153.5 

0 

-500 

153.2 

0 

-275 

152.9 

-200 

-100 
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C5 


Table  Cl  (Continued > 


Hydrographic 

Descending 

Descending 

Range  Number 

Left  Bank 

Right  Bank 

152.6 

-325 

100 

152.3 

-650 

300 

151.9 

-750 

500 

161.7 

-750 

950 

151.3 

-1,000 

1,400 

151.0 

-1.450 

1,750 

150.7 

-1,700 

1,775 

150.4 

-1,550 

1,250 

150.1 

-900 

550 

149.8 

50 

-100 

149.5 

100 

-200 

149.2 

200 

-100 

148.8 

600 

-200 

148.4 

200 

-250 

148.0 

125 

0 

147.6 

-125 

50 

147.3 

0 

0 

146.9 

-75 

50 

146.6 

0 

25 

146.2 

0 

0 

145.8 

75 

0 

145.3 

100 

0 

144.9 

0 

0 

144.5 

-350 

0 

144.1 

-1,100 

775 

143.7 

-1,350 

1,450 

143.3 

-1,550 

2,025 

143.0 

-1,750 

2,000 

142.6 

-1,350 

2,300 

142.1 

250 

150 

141.6 

1,000 

-700 

141.2 

700 

-600 

140.8 

325 

-300 

140.4 

0 

-125 

139.9 

-100 

0 

139.4 

-125 

0 

139.0 

-100 

75 

138.5 

0 

0 

138.1 

-200 

0 

137.6 

-400 

175 

137.2 

-300 

0 

136.8 

-100 

-100 

136.4 

-100 

-150 

135.9 

0 

-300 

135.4 

1,675 

-675 

135.0 

1,300 

-900 

134.6 

1,400 

-1,050 

134.2 

1,550 

-1,050 

133.8 

1,350 

-800 

133.3 

300 

100 

133.0 

-350 

200 

132.5 

-1,050 

500 

132.1 

-1,725 

1,500 

131.7 

-2,100 

2,050 

131.2 

-1,500 

1,500 

130.9 

-2,400 

2,700 

130.6 

-2,250 

2,600 

130.2 

-600 

1,275 

129.8 

400 

0 

129.4 

700 

-300 

129.0 

550 

-300 

128.5 

150  ’ 

-300 

128.05 

50 

-325 

127.7 

50 

-300 

127.3 

0 

0 

126.9 

0 

-100 

126.4 

-125 

-150 

(Continued) 
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C6 


r 


Table  Cl  (Continued) 


Hydrographic 

Descending 

Descending 

Range  Number 

Left  Bank 

Right  Bank 

126.0 

75 

-100 

125.6 

-100 

0 

125.2 

-200 

250 

124.75 

-300 

875 

124.4 

-300 

1,000 

124.1 

-300 

500 

123.7 

-500 

1 ,000 

123.2 

-375 

625 

122.7 

0 

-100 

122.3 

250 

-250 

121.8 

600 

-300 

121.3 

550 

-456 

120.8 

150 

-300 

120.35 

100 

-100 

119.9 

-100 

0 

119.5 

-150 

-50 

119.05 

0 

-100 

118.6 

100 

-75 

118.2 

400 

-300 

117.9 

325 

-250 

117.4 

400 

-350 

117.0 

150 

-300 

116.5 

150 

-250 

116.1 

100 

-100 

115.6 

-125 

-100 

115.2 

-25C 

50 

114.8 

-300 

0 

114.4 

-275 

50 

114.0 

-300 

0 

113.6 

-.00 

50 

113.2 

-300 

0 

112.7 

-400 

150 

112.3 

-325 

200 

111.9 

-150 

200 

111.6 

-150 

350 

111.3 

-200 

200 

110.95 

-600 

325 

110. 6 

-575 

700 

110.3 

-500 

475 

110.0 

-400 

400 

109.7 

-200 

0 

109.4 

100 

0 

109.05 

200 

0 

108.7 

150 

-150 

108.3 

100 

-300 

107.9 

350 

-200 

107.5 

600 

-375 

107.1 

800 

-250 

106.6 

650 

-400 

106.2 

650 

-400 

105.7 

650 

-450 

105.2 

500 

-200 

104.9 

200 

100 

104.6 

-150 

350 

104.2 

0 

200 

103.8 

-100 

350 

103.4 

-200 

250 

102.95 

-75 

0 

102.5 

-50 

100 

102.2 

0 

1 00 

101.8 

200 

-100 

101.4 

550 

-300 

101.0 

675 

-450 

100.6 

550 

-100 

100.2 

350 

-100 

99.7 

550 

-300 

99.3 

450 

-10C 

(Continued) 
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C7 


Table  Cl  (Continued) 


Hydrographic 

Descending 

Descend ing 

Range  Nunber 

Left  Bank 

Right  Bank 

98.9 

100 

-100 

98.4 

50 

-100 

97.8 

0 

0 

97.4 

100 

-150 

97.0 

0 

100 

96.6 

0 

0 

96.2 

75 

-200 

95.8 

100 

-100 

95.3 

0 

0 

94.9 

0 

0 

94.4 

0 

0 

94.1 

-150 

-100 

93.7 

-50 

50 

93.3 

100 

100 

92.8 

100 

50 

92.4 

-50 

0 

91.95 

100 

100 

91.5 

0 

C 

91.05 

0 

0 

90.3 

0 

0 

89.9 

-100 

0 

89.6 

-150 

-50 

89.3 

100 

-200 

89.0 

200 

-150 

88.8 

350 

-200 

88.5 

600 

-400 

88.1 

850 

-950 

87.8 

100 

-800 

87.4 

1 ,000 

-1,000 

87. 1 

1,000 

-800 

86.8 

950 

-850 

86.5 

1,100 

-800 

86.2 

625 

-750 

85.9 

0 

-350 

85.7 

-100 

0 

85.4 

-200 

300 

85.0 

-200 

300 

84.7 

-250 

100 

84.4 

-300 

0 

84.  1 

-350 

-100 

83.8 

-200 

-200 

83.4 

-50 

-300 

83.1 

0 

-350 

82.8 

0 

-200 

82.6 

-100 

-50 

82.3 

0 

0 

82.0 

-300 

200 

81.7 

-450 

650 

81.4 

-725 

825 

81.1 

-850 

1,200 

80.8 

-650 

1,200 

80.4 

-400 

850 

80.1 

-150 

250 

79.7 

0 

-200 

79.4 

-150 

-150 

79.0 

-200 

-200 

78.7 

-350 

200 

73.4 

-350 

150 

78.1 

-200 

-175 

77.8 

375 

-375 

77.5 

350 

-325 

77.3 

350 

-325 

77.0 

200 

-350 

76.6 

100 

-200 

76.2 

0 

-200 

75.8 

-100 

-125 

75.5 

-125 

(Continued) 
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C8 


Table  Cl  (Continued'' 


Hydrographic 

Descending 

Descending 

Range  Number 

Left  Bank 

Right  Bank 

75.1 

-275 

0 

74.8 

-350 

100 

74.5 

-450 

125 

74.2 

-600 

150 

73.9 

-300 

0 

73.5 

-100 

-150 

73.2 

-100 

-400 

72.9 

50 

-400 

72.5 

200 

-400 

72.2 

400 

-475 

71.9 

300 

-300 

71.5 

-200 

200 

71.2 

-175 

100 

70.8 

-375 

200 

70.5 

-200 

200 

70.2 

-200 

0 

69.9 

0 

0 

69.5 

100 

•  50 

69.2 

150 

-300 

68.5 

600 

-1,000 

68.1 

1,250 

-825 

67.8 

1,000 

-500 

67.5 

500 

-350 

67.2 

200 

-350 

66.8 

75 

-300 

66.6 

0 

-150 

66.2 

0 

-100 

65.9 

-150 

-150 

65.6 

-250 

0 

65.2 

-300 

0 

65.0 

-400 

-100 

69.6 

-400 

0 

64.3 

-300 

0 

63.9 

-200 

100 

63.5 

-300 

-100 

63.2 

-350 

-100 

62.9 

-175 

-250 

62.6 

0 

-200 

62.3 

175 

-200 

‘2.0 

150 

-200 

61.8 

0 

-200 

61.4 

-100 

0 

61.1 

-200 

0 

60.7 

-400 

0 

60.4 

-500 

250 

60. 1 

-400 

500 

59.8 

0 

-100 

59.6 

450 

-350 

59.1 

700 

-400 

58.8 

400 

-400 

58.4 

250 

-300 

58.0 

-100 

-200 

57.7 

0 

-200 

57.3 

-200 

-100 

57.0 

-200 

-50 

56.6 

-150 

-175 

56.3 

-150 

-50 

55.9 

-200 

-100 

55.7 

-250 

-100 

55.3 

-100 

-100 

55.0 

100 

-200 

54.7 

0 

-250 

54.4 

0 

.  -250 

54.0 

0 

-300 

53.7 

0 

-350 

53.5 

0 

-350 

53.1 

200 

(Continued) 
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Table  Cl  (Continued) 


Hydrographic 

Descending 

Descending 

Range  Nuaber 

Left  Bank 

Right  Bank 

52.8 

400 

-250 

52.5 

425 

-300 

52.1 

0 

-50 

51.7 

-100 

125 

51.4 

-200 

too 

51.1 

-250 

100 

50.7 

-300 

0 

50.3 

-500 

0 

50.0 

-450 

100 

49.7 

-500 

-50 

49.3 

-250 

-100 

49.0 

-150 

-150 

48.6 

0 

-250 

48.2 

100 

-250 

47.8 

0 

0 

47.5 

0 

0 

47.2 

-150 

150 

46.9 

-100 

300 

46.5 

-300 

200 

46.1 

-250 

150 

45.8 

-600 

100 

45.5 

-750 

100 

45.2 

-500 

50 

44.8 

300 

-450 

44 . 4 

1.000 

-900 

44.1 

1.500 

-1,125 

43.7 

1,500 

-600 

43.4 

975 

-100 

43.0 

200 

0 

42.7 

-200 

-50 

42.3 

300 

0 

41.9 

260 

50 

41.6 

-200 

0 

41.3 

-150 

0 

41.0 

-225 

-50 

40.7 

-200 

0 

40.4 

-150 

0 

40.0 

-75 

-75 

39.6 

-50 

-200 

39.3 

-25 

-250 

39.0 

0 

-200 

38.6 

0 

-300 

38.3 

-75 

-200 

38.0 

-50 

-200 

37.6 

-200 

-250 

37.3 

0 

-350 

37.0 

-75 

-375 

36.6 

200 

-450 

36.2 

500 

-525 

35.8 

675 

-600 

35.5 

650 

-700 

35.2 

675 

-825 

34.9 

100 

-600 

34.6 

-200 

-100 

34.3 

-500 

200 

33.8 

-1,000 

700 

33.4 

-1,750 

950 

33.0 

-1,350 

1 ,450 

32.6 

-550 

900 

32.3 

-300 

500 

32.0 

-300 

125 

31.6 

-300 

-100 

31.3 

0 

-250 

30.9 

-125 

-225 

30.6 

-75 

-400 

30.3 

125 

-400 

30.0 

450 

-450 
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Table  Cl  (Concluded) 


Hydrographic 

Descending 

Descending 

Range  Number 

Left  Bank 

Right  Bank 

29.6 

500 

-350 

29.3 

400 

-250 

29.0 

0 

-400 

28.6 

-100 

-275 

28.3 

-150 

-400 

28.0 

-200 

-225 

27.6 

-100 

-250 

27.3 

-100 

-150 

26.9 

-150 

-250 

26.6 

0 

-200 

26.2 

-50 

-250 

25.9 

0 

-300 

25.6 

0 

-200 

25.2 

0 

-250 

24.8 

600 

0 

24.4 

0 

0 

24.0 

-300 

125 

23.7 

-500 

100 

23.4 

-600 

50 

23.0 

-600 

75 

22.8 

-700 

200 

22.4 

-500 

0 

22.  1 

-300 

-50 

21.9 

0 

-500 

21.6 

0 

-900 

21.3 

150 

-800 

21.0 

150 

-450 

20.6 

0 

-350 

20.2 

100 

-450 

19.9 

-100 

-400 

19.6 

-200 

-200 

19.4 

-400 

200 

19.1 

-500 

300 

18.8 

-550 

500 

18.5 

-300 

-100 

18.2 

-250 

-50 

17.9 

-150 

0 

17.6 

-50 

-100 

17.3 

-100 

-100 

17.0 

0 

0 

16.7 

-100 

-100 

16.4 

-10U 

0 

16.1 

0 

-75 

15.9 

0 

-100 

15.6 

-50 

0 

15.3 

0 

0 

15.0 

-200 

0 

14.7 

-200 

0 

14.4 

-300 

0 

14.1 

-100 

0 

13.8 

-100 

0 

13.5 

-200 

n 

13.2 

-200 

-125 

12.9 

0 

-no 

12.6 

200 

-200 

12.4 

0 

-150 

12.1 

0 

-200 

11.8 

200 

-150 

11.5 

-300 

100 

11.2 

-300 

100 

10.9 

-325 

-50 

10.6 

-300 

100 

END  OF  MATNT.INE  I.EVEES 
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